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VARIANT STRAIN PRODUCED BY COLCHICINE 


Figure 1 : 
In 1932 Day Milo (/)?) was crossed with Sudan Grass (8) and with Black Amber (B. 4.). 
Out of progeny of each of these crosses was selected one eariy dwarf free-threshing segregate 
resembling Day. These were crossed in 1939 and from their progeny the true breeding Experi- 
mental #3 (0) was selected. In the eighth generation colchicine treatment of full sib secdlings 
was made. The plant marked 17 is typical of the succeeding third generation which has bred true 
for certain plant characters from a variant obtained by treatment 
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COLCHICINE INDUCED VARIANTS 
IN SORGHUM* 


]. FRANZKE AND J. 


HE discovery by Huskins® in 

1948, that reduction of chromo- 

some number could be induced in 
somatic cells by treatment with sodium 
nucleate, offers the possibility of a new 
tool to the plant geneticist and breeder. 
The observation! that colchicine, among 
other chemicals, has a similar effect in 
causing separation of chromosomes into 
two or more groups would seem, per- 
haps, to make the application of somatic 
chromosome reduction in plant breeding 
more probable. If this phenomenon 1s 
more than an apparent separation, it is 
surprising, in view of the wide applica- 
tion of the use of colchicine in effecting 
polyploidy in plants, that some mention 
of effects on heredity resulting from such 
chromosomal separations has not been 
made. A survey of the immense col- 
chicine bibliography reveals no more 
than a hint of any effect on the genic 
constitution other than that of poly- 
ploidy. Dunham and Banta* obtained 
mutations in the aquatic animal Daphnia 
longispina atter colchicine treatment 
but were unable to determine the 
nature of the genetic changes in- 
volved since the chromosome number 
was not changed. The aberrant types 
with unchanged chromosome numbers 
which Levan and Ostergren® report as 
having appeared after colchicine treat- 
ment of plants of different species were 
attributed to dauermodifications. With 
these few exceptions, the complete ac- 
ceptance of the sole effect of colchicine 
as being that of causing polyploidy, 
would seem to have caused total un- 
awareness of the possibility of variations 
in diploid plants after colchicine treat- 


ment. 
In the winter of 1947-48 the senior 


J. G. 

author noted variations sunilar to the 
above after colchicine treatment of sor- 
ghum seedlings. This study is concerned 
with a description of and the possible 
cyto-genetical implications of the occur- 
rence of these variants. 


Materials and Method 


in 1932 the Day variety of sorghum (Sor- 
ghum vulgare Pers.), a late maturing dwarf 
grain sorghum with free-threshing caryopses, 
was crossed with Black Amber Cane and 
with Sudan grass. The former is a forage va- 
riety with black glumes which persisted on the 
caryopses after threshing; and the latter (9. 
sudanense (Piper) Stapf.), is a forage species 
with light brown persistent glumes. Typical 
plants of these are illustrated in Figure 1. 
The diploid chromosome number of both spe- 
cies has been reported® as 20. Out of progeny 
of each of these crosses was selected one early 
dwarf free-threshing segregate resembling 
Day. These were crossed in 1939 and from 
their progeny, through continued selfing and 
selection, the true-breeding “Experimental #3” 
was produced. From the F, population grow- 
ing in 1941 one plant possessing the desired 
characteristics was selfed and subsequently be- 
came the parent of the F; generation (Table 
I). The data recorded in 1942 were also taken 
on the single plant selected as a parent for 
the next generation; but subsequently, suffi- 
cient homogeneity of the succeeding genera- 
tions was present, so that the mean character- 
istics were recorded and a typical plant in the 
row was selected for selfing and propagation 
of the line. The homozygosity achieved in this 
variety is illustrated by the close correspond- 
ence of the mean height ‘for the years 1941- 
1947 inclusive (Table I) to that for the years 
1948-1951 inclusive (Table II). Since differ- 
ent dates of planting, up to about June 1, make 
little difference on the date of heading of 
sorghum, the apparent discrepancy in days 
from seeding to heading between the two se- 
ries of years shown in Tables I and II is ex- 
plained by the fourteen-day earlier planting 
practiced from 1948-1951 inclusive. The later 
planting would tend to attain the same stage 
of development as the earlier planting so that 
date of heading would be approximately the 


*Journal Paper number 267, South Dakota Agricultural Experiment Station, Brookings, 
South Dakota. 

+Associate Agronomists, South Dakota Agricultural Experiment Station. The authors ex- 
press their appreciation to their colleagues Dr. D. B. Shank, Dr. J. E. Grafius, V. A. Dirks and 
particularly to Dr. M. W. Adams for critical evaluation of the ideas expressed. 


107 


i 
: 
I 


VARIED EFFECT OF TREATMENT 
Figure 2 


Full sibs of Experimental #3 were treated with colchicine in the winter of 1947-48. The 
plant marked © was untreated while both 7 and 17 grew from treated seedlings. 
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EARLY EFFECTS OF COLCHICINE TREATMENT 
Figure 3 
A—The rosette stage following treatment of the sorghum coleoptile with colchicine. 2 
A sudden surge of growth emerges from the rosette stage after two or three weeks. 


same irrespective of seeding date. Seed ob- 
tained from one selfed panicle of Experimental 
#3 in 1947 comprised the genetic material used 
in this experiment. The growth characters of 
this variety and its ancestors are shown in 
Figure 1. 

Coleoptiles of germinating seeds were coat- 
ed with 0.5 percent colchicine in lanolin im- 
mediately after signs of growth were noted. 
Care was taken to make sure the base of the 
coleoptile was treated and also that the roots 
did not come in contact with colchicine. Treat- 
ed seedlings were placed in moist sand in the 
greenhouse at approximately 80°F until they 
started active growth. They were then placed 
in soil in the greenhouse and grown to ma- 
turity during the winter months. In most cases 
C-tumor growths were noted on the treated 
portion of the seedlings which later manifest- 
ed a rosette-like appearance as in Figure 34. 
Growth was arrested at this stage in some 
cases for two or three weeks after which a 
surge of growth out of the rosette would take 
place as shown in Figure 3B. 

Succeeding generations from treated plants 
were assigned the number originally given that 
plant, for example, line 17 was established 


from the treated plant 17. Propagation of all 
lines was from selfed seed obtained from a 
single panicle except in the case of line 17 
which did not produce enough florets on one 
panicle so four or five panicles from different 
plants were bulked and used to propagate the 
next generation. Untreated plants were grown 
under the same condition and in the corre- 
sponding generations as the treated plants and 
their progenies. Chromosome counts were 
made either at meiosis or from root tips using 
the aceto-orcein squash technique. 


Observations 
Among a large number of seedlings treated 


TABLE I. Earliness and Height of Different Genera- 

tions in Selection of Experimental £3 from a Cross 

Made in 1939 (Seeded approximately June 2 of each 
year). 


1941 1942 1945 1944 1945 1946 1947 Mean 


Daves from seed- 
ing to heading 
Days from seed 
ing to pollination 
Height (inches) 


| 
é 
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; 
ay 
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él 48 st 60 64 43 41 61.1 
66 72 40 4S 73 71 67 67.7 
3s 32 38 38 37 «36.1 


TRUE-BREEDING VARIANTS 


Figure 4 


Typical plants of progeny in the fourth generation which have bred true for certain plant 
characters from colchicine treated seedlings 5, 9, 10, 17, and 14 and untreated O all of which 
were full sibs of true breeding Experimental #3 (Shown in Figure 2), 
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MORPHOLOGY OF INFLORESCENCES 


Figure 5 


The spikelet and seed characters of Black Amber (B. 
Lines 17 and 14 were obtained from colchicine treatment of full 


of Experimental #3 (QO). 


sibs of Experimental #3. This plant in line 


A.) and Sudan Grass (S) ancestors 


17 has somewhat persistent glumes and grain 


similar in shape to the Sudan Grass and Black Amber, while line 14 has free-threshing caryopses 


of the grain sorghum type. 


in the winter of 1947-48 variants from the type 
of Experimental #3 were noted which showed 
no evidence of being polyploid. Figure 2 illus- 
trates a typical untreated plant (0) and two 
plants (7 and 17) which grew trom treated 
seedlings. It is emphasized that these three 
seedlings were full sibs within a true breeding 


variety. The heights of these were respec- 
tively, 28”, 22” and 74”. The open panicle of 
plant 17 as well as its narrow leaves and 


height were similar to the forage sorghums in 
its ancestry (Figure 1). This and other aber- 
rant forms were found to be as fertile as the 
untreated plants. The seed shape of plant 17 
was similar to that of the forage sorghums 
but the glumes separated more readily (Fig- 
ure 5). The progeny grown from selfed seed 
of plant 17 appeared true to the type of the 
parent but in succeeding generations (of which 
three have been grown up to the time of writ- 
ing) some segregation in seed type has oc- 
curred. A number of other plants grown from 
treated seedlings gave progenies which ap- 
peared to breed true, but in other cases segre- 
gation took place. Corresponding generations 
to the above from the untreated full sib plant 
0 have bred true to the type of Experimental 


#3 (Table II). 

In Figure 4 are shown individuals typical of 
five lines apparently breeding true for height 
and panicle characteristics. Lines 14 and 17 
are in the third and the other in the fourth 
generation from aberrant plants arising from 
treatment. On the extreme right is Experi- 
mental #3 (0) which is a aescendant of the 
original untreated stock. It will be noted that 
the same characteristics found in the original 
treated plant 17 in Figure 2 are found in its 
descendants in the third generation. Both 14 
and 17 appeared to be somewhat earlier than 
other lines, but, as shown in Table II the four- 
year means for days from seeding to heading 
and also for days from seed to pollination did 
not differ significantly. The mean heights for 
these years, however, did show a highly sig- 
nificant difference. The same two lines were 
consistently taller in each of the four years. 
The differences between 36 inches for the 
(untreated) line and 55.7 and 59.7 inches re- 
spectively for lines 14 and 17, are statistically 
significant at the one percent level. 

Plants typical of the ancestors of Experi- 
mental #3 are shown in Figure 1. From left 
to right are Black Amber Cane, Sudan grass 


Earliness and ars of Succeeding G 


TABLE Il. 


Davs to Heading 


Seeded approximately Mey 18, of each year). 


1948 1949 1980 1981 


of U d and Treated Plants of Sorghum 


Pollinatior Height in Inches 


1949 1980 1951 


Days to 


Mean 


Mean® 1948 


1948 1949 1950 1951 Mean® 
0 (untreated) AR 64 75 81 72.0 7 77.8 32 38 38 36.0 
(treated) 44 97 73.0 49 79 &4 80.2 i4 31 31.2 
9 (treated) o4 7) 97 73.0 74 77 79 30 29 31 38 32.0 
10 (t 67 71 74.0 gu 71 79 80.0 32 27 4! 4% 37.0 
17 ) 67 68 72 69. $366 
(tr ) 68 72 9%. 93.7 7 $$ $9.7 
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CYTOLOGICAL BASIS FOR STRAIN FORMATION 
Figure 6 
Root-tip cells of Sorghum vulgare treated with 0.5 percent colchicine for one hour. 
A-—The C-chromosomes are arranged in two groups nine on one side and eleven on the 
other. B—Nucleus in which the groups have separated to form two telophase nuclei with 


reduced numbers. 


Such separations of chromosomes, with subsequent splitting would form 


diploid cells some of which might have viable combinations of genes. Approximately 3,000x. 


and Day, then Experimental #3 (0) followed 
by a plant in the third generation of the line 
breeding true for height and general plant 
characteristics which arose immediately from 
the treated plant 17. In Figure 5, from left 
to right are shown the spikelet and seed char- 
acters of Black Amber, Sudan, Experimental 
#3 (0), and descendants of plants 17 and 14. 
The variety Day was too late in maturity in 
1951 for mpe seed to be secured. The shape 
of seed of 17 is similar to Sudan grass but the 
glumes are intermediate in persistency be- 
tween Sudan grass and grain sorghum. It will 
be noted in 17 that one seed to the right 
threshed free while two to the left have not. 
The seed of 14 is of the same shape as grain 
sorghum and also threshes free, vet its other 
plant characters are similar to Sudan grass. 
Cytological examination of meiosis of Ex- 
perimental #3 and members of the variant 
lines obtained after treatment gave no evidence 
of irregularities nor were other than the di- 
ploid number of twenty chromosomes found. 
Excised root tips of sorghum plants were 
treated with 0.5 percent aqueous solution of 
colchicine for one hour and examined. The 
typical reductional grouping as observed by 
Huskins® was found as shown in Figure 6.1. 
Though the numbers of chromosomes were not 
necessarily equal on either side, the formation 
of telophase nuclei proceeded as shown in Fig- 
ure 68, with the probable subsequent forma- 
tion of homozygous nuclei. The splitting of 
the C-chromosomes after the formation of 
haploid cells would restore the diploid num- 
ber, perhaps resulting in viable combinations 
of chromosomes from different ancestors which 
conceivably could, if the proper combination of 
chromosomes were present, form tissue ex- 
pressing phenotypes similar to lines 14 and 17. 
Since sorghum is probably of polyploid origin, 
it would not be illogical to explain the occur- 
rence of these lines by assuming a concentra- 
tion of chromosomes containing blocks of genes 
of Sudan grass origin in one cell after somatic 


reduction, such that the inhibition of ancestral 
characters was no longer exercised. That a 
splitting of the chromosomes after somatic 
reduction may not always take place is indi- 
cated by the occurrence of haploids after treat- 
ment with colchicine reported by various work- 
ers,2.7,5.11 but not directly attributed by them 
to the treatment. The occurrence of a fortu- 
itous combination of chromosomes could give 
an advantage to such a cell over those sur- 
rounding it, and result in the growth of homo- 
zygous tissue from which a new growing point 
could emerge. This may be an explanation for 
the rapid surge of new growth arising from 
the latent rosette stage quite commonly found 
after treatment of sorghum seedlings with col- 
chicine (Figure 3). 
Discussion 

Eigsti® found two nuclei in a colchi- 
cine treated pollen tube of Polygonatum 
having eleven double chromosomes in 
one and nine double chromosomes in the 
other and concluded that “each nucleus 
formed in the presence of colchicine is a 
cytogenetic entity entirely unlike any 
other nucleus in the same pollen tube or 
unlike the nucleus formed after the usual 
division of the generative cell.” With re- 
gard to the occurrence of such tissue 
from nuclei formed as above, Huskins 
writes, “If the production of homozygous 
diploid tissues could be induced frequent- 
ly enough, it would have some advan- 
tages and few disadvantages for the plant 
breeder over the production of haploids.” 
Nevertheless, the presence of chimeras 
of different genotypes within one panicle 
as is probably demonstrated by the ap- 
pearance after treatment of some lines 
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CHIMERAL PANICLE 
? Figure 7 


A portion of a panicle of a heterozygous 
sorghum plant which had been treated as a 
seedling with colchicine. This panicle was a 
chimera of tissues expressing different pheno- 
types of caryopses and glumes as illustrated 
above. On the right the caryopses are a 
dark brown color and small with a more 
pointed apex, while on the lett they are light 
in color, large and full. The glumes also 
show a difference on either side of this branch 
Those on the right are light colored, while 
those on the left have an intensely black base. 
These chimeras appear to have arisen through 
somatic segregation. 


which segregate, may militate against 
the full utilization of such a tool. In 
Figure 7 is shown a part of a panicle of 
sorghum from a_ heterozygous plant 
treated as a seedling with colchicine. 
Chimeras which may have arisen from 
somatic segregation as postulated by 
Menzel and Brown! are indicated by 
the smaller, different shaped and dark 


colored caryopses on the right, while a 


sector having black glumes is present on 
the top left side of this branch. 

To further test the effect of colchicine 
treatment in causing homozygous geno- 


Franzke and Ross: Colchicine Induced Variants in Sorghum 


113 


types, treatments of F, plants in each of 
seven different crosses were carried out 
in the winter of 1950-1951. Progenies 
from approximately equal numbers of 
treated and untreated F, plants were 
grown in the 1951 season. In Figure 8 
a photograph of two progenies from 
treated F, plants is shown in which it 
will be noted that the progeny on the 
left appears to be quite uniform while 
that on the right shows some segrega- 
tion for height. The standard deviation 
for height in inches of these progenies 


care 2.1 and 3.2 inches, respectively. The 


distributions of the standard deviations 
of progenies originating from treated 
and untreated F, plants are shown in 
Figure 9. Measurements of pollen from 
the treated plants had given no indica- 
tion of polyploidy; neither was any lack 
of fertility noted in these plants. The 
distribution from progeny of treated F, 
plants shows a definite concentration 
around one point causing a distinet dif- 
ference in form of this distribution from 
that of the untreated which approaches 
that of a normal curve. This and the 
lower mode of the progeny from treat- 
ed F, plants demonstrates a significant 
difference in degree of uniformity found 
within progenies from treated plants as 
against progenies from untreated plants. 
A proportion of escapes is indicated by 
the tendency for distribution of the 
standard deviations of some progenies 
from treated F, plants towards the high- 
er standard deviations. Also, the pres- 
ence of chimeras in panicles of F, treat- 
ed plants would present opportunities 
for crossing within a bagged panicle and 
together with the mixture of genotypes 
would cause lack of uniformity in ensu- 
ing generations. 

The more orthodox hypothesis of 
parthenogenesis may seem to explain 
some of the results outlined above, but 
the inadmissibility of this premise is evi- 
dent when the following points are con- 
sidered. 

1. For variant types such as plant 17 
to have arisen through parthenogenesis 
several cases of the formation of unusual 
gametes would be necessary in a line 
that is breeding true. 
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DIFFERENCES IN GROWTH HABIT AND IN VARIABILITY 
Figure 8 


I. progenies from colchicine treated F, plants. 


The on the left is uniform in 


progeny 


height (standard deviation 2.1 inches) while that on the right seems comparatively unaffected 
by the treatment (standard deviation 3.9 inches). 


2. Stimulation of such a gamete to 
form the sporophytic generation must 
be provided and doubling of the chromo- 
some number be effected either coinci- 
dentally or during early development. 

3. The occurrence of the two fore- 
going sets of events would still not ex- 
plain the uniformity in Fz progeny ob- 
tained from colchicine treated F, plants 
since their full sibs which were not treat- 


The 


ed exhibited normal segregation, 


change must, therefore, have taken place 
in the somatic tissue of the treated plants 
and not during gamete formation in the 
parents. The presence of chimeras of 
different diploid tissue after treatment is 
additional evidence of the untenability 
of apomixis as an explanation for these 
phenomena. 

That deficiencies or duplication of 
chromosomes are not involved in the de- 
scribed phenomena cannot at the pres- 
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TREATED 


UNTREATED 


345 67 8 9 10 
STANDARD DEVIATION 


DISTRIBUTION OF STANDARD 
DEVIATIONS OF F, PROGENIES 
Figure 9 

In the above populations there are approxi- 
mately equal numbers of Fs progenies from 
colchicine treated and untreated F, plants 
which were full sibs from each of seven 
crosses. The deviations are in height of plant 
in terms of inches. From colchicine treated 
F, plants’ there are represented 54 + 0. 
progenies per cross with each progeny con- 
taining 13 + O8 individuals, and from un- 
treated F, plants 5.0 + 0.2 progenies per cross 
with each progeny containing 15.7 + 0.8 in- 
dividuals. The mean heights of progenies from 
treated and untreated F, plants are respective- 
ly 42.0 and 43.8 inches. 


ent be entirely disregarded. Studies are 
under way to attempt clarification of 
these results. 

The possibility that the variants de- 
scribed are dauermodifications as was 
postulated by Levan and Ostergren® can 
hardly be credited since no change in 
their general characteristics has been 
noted since their appearance. Neither 
can it be ascertained from the report by 
these workers that aberrant types re- 
sulting from colchicine treatment were 
not caused by fundamental changes in 
the heredity mechanism. Observations 
made on progenies from crosses involv- 
ing variants formed through colchicine 
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treatment, indicate that their variant 
characteristics segregate in the Fy. Tests 
of the yielding capacity and other physi- 
ological characteristics of progeny of 
treated plants in comparison to the pro- 
geny of full sib untreated plants are be- 
ing investigated. At South Dakota State 
College variants obtained by treatment 
are being successfully employed in the 
sorghum breeding program. 


Summary 


Colchicine treatment of full sibs of a true 
breeding variety of sorghum gave variants 
possessing a number of ancestral characteris- 
tics of which some bred true immediately. Un- 
treated stock of a full sib of the above has not 
segregated in subsequent generations. In no 
case among these has the chromosome number 
been found changed. It is proposed that such 
variant plants could originate through reduc- 
tional grouping of the somatic chromosomes 
so that a concentration of chromosomes con- 
taining gene blocks originating from one of 
the ancestors of the polyploid species might 
occur in one cell. This cell, by virtue of its 
inherent and perhaps environmental competi- 
tive advantage, could form a new growing 
point and produce a plant with a genotype en- 
tirely different from that of the original zy- 
gote, in fact, homozygous diploidy may thus 
be induced. Further evidence that colchicine 
treatment causes homozygosity was obtained 
by comparisons of measurements of F: pro- 
genies from treated F, plants and untreated F, 
plants. Progenies from treated plants were sig- 
nificantly more uniform in height. 
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HOW MAIZE GOT TO EUROPE 


HIS book* is an attractively bound re- 

print of a paper published originally in 
1948 in the Annals of the Missourt Botanical 
Garden (35:149-191). In order to investigate 
properly the rather complex problems involved 
m the treatment of maize in the great herbals, 
the author sought the assistance of an art his- 
torian, a botanist, several language experts 
and Spanish historians. The resulting inten- 
sive study of a single species, as it is described 
in these books, has shed new light on the 
question of the relation of the Herbals to each 
other, and has added considerably to our un- 
derstanding of the herbal tradition. 

The author, however, was interested pri- 
marily in maize rather than in the herbals, 
and his contribution is mainly toward our 
knowledge of this plant. He discovered that 
the herbalists described two distinct types, 
and that the type described in the earlier 
hooks was, surprisingly enough, not the Carib- 
hean maize but the maize grown by the In- 
dians in eastern North America. The place 
of origin of this maize was unknown to the 
Europeans and they assumed that it had come 
to Europe from Asia by way of Turkey. The 
second tyne, the Caribbean maize, was correct- 
ly descrived as coming from the West Indies. 
Professor Anderson, in his Foreword, raises 
two questions. First, is it possible that the 
northern maize had been brought to Europe 
by the Norsemen, and second, could it really 
have been grown in Asia and have reached 
Europe from that cortinent ? 

Mr. Finan has written an excellent  chap- 
ter in the history of a most important plant 
and there will probably be little that can be 
added to his account of maize in the herbals. 
His article is also beautifully illustrated by re- 
productions of the original wood cuts. He in- 
cludes the figure of an ear of corn from a 
seventeenth century edition of Ovido’s His- 
torta natural y general, ete. which is suoposed- 
ly a reproduction from the original 1535 edi- 
tion. He suggests that this is the first illus- 
tration of maize published in Europe. He also 
states that Jerome Boch (1539) is the first 


*Finan, Joun L., 
ica Company, Waltham, Massachusetts. 


Maize in the Great Herbals. XV + 43 pp. 
1950. $3.00. 


herbalist to describe maize and that Leonhard 
Fuchs (1542) is the first herbalist to illustrate 
it with a cut. These “firsts” may well be cor- 
rect but Jean Ruel (1536) made a few re- 
marks about a plant he called turcicum fru- 
mentum, a name generally used for maize in 
the herbals. The reviewer would have liked 
for the author to have discussed this reference. 
Mr. Finan’s chapter is a sound piece of 
work as it stands, It seems to be somewhat 
isolated, however, from what should be adja- 
cent chapters. Much has been published on the 
spread of maize throughout the world, and ex- 
cellent accounts have been written’ by such 
scholars as Bretschneider, Lauier and Schwein- 
furth. None of this work has been cited with 
the consequence that the author’s general con- 
clusions and discussion are needlessly weak. 
Then, too, the notion that maize might have 
been brought back to Europe by the Norse- 
men, a suggestion of both Professor Anderson 
and the author, seems a bit gratuitous. There 
were many other contacts between eastern 
North America and FE urope before maize ap- 
peared in the herbals in 1539. To list only a 
few: John Cabot explored the eastern coast 
in 1497; In 1524 or 1525 Gomez sailed along 
this coast from Labrador to North Carolina; 
In 1526 Ayllon made an abortive settlement 
in the Chesapeake Bay; In 1524 Verrazano 
explored the bays and harbors from Cape, Hat- 
teras to Nova Scotia, and in the years 1534 
and 1535 Cartier explored the land along the 
St. Lawrence River and attempted to found a 
colony there. He even recorded the fact that 
the Indians of the St. Lawrence country 
raised maize as one of their major crops. If 
the type of maize grown in North America 
had not reached Europe before 1539 it would 
have been truly remarkable. In all fairness it 
should he stated that the author also suggests 
that the northern maize might have been 
brought to Europe by some unrecorded and 
presumably post-Columbian explorer. 
CONWAY ZIRKLE 
Rotanical Laboratory 
University of Pennsylvania 
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Caryologia, A New Journal of Cytology 


OON after World War II many difficul- 

ties were encountered in publishing papers 
on plant cytology in Italian botanical journals. 
In order to overcome these difficulties, Profes- 
sor Alberto Chiarugi, at that time Director 
of the Botanical Institute of the University of 
Pisa, decided to start the pubhcation of Ca- 
ryologia, an international Journal open to the 
collaboration of research workers in all fields 
of plant and animal cytology. The first num- 


ber appeared in October 1948. Since that time 
three volumes have been published. 

Original papers and reviews written in 
Italian, English or French, followed by a 
Summary in English and Italian, are accepted 
for publication. Correspondence concerning 
editorial matters and subscriptions should be 
sent to Prof. A. Chiarugi, Istituto di Botanica 
dell’ Universita, Via Lamarmora 4, Firenze. 

Francesco D'AMATO 
Tniversity of Pisa, Italy 
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MUTILATION PATTERNS AND 
HEREDITARY(?) CANNIBALISM 


In Mice 


TuHeEoporeE S. HAUSCHKA 


Institute for Cancer Research and Lankenau Hospital Research Institute, 
Philadelphia 


LTHOUGH cannibalistic depletion 
of litters is regularly encountered 
in large-scale breeding of rodents, 

it has been disregarded from the point 
of view of behavior genetics, since, in the 
few cases studied, dietary insufficiency 
was responsible for maternal shortcom- 
ings**, The anatomical precision of mu- 
tilation patterns repeatedly seen in suck- 
ling mice of one of our sib-mated lines 
aroused our interest in strain differences 
with respect to parental care. These dif- 
ferences were found to occur under ade- 
quate nutritional® and uniform environ- 
mental conditions and persisted through 
successive generations, hence warranted 
interpretation in genetic rather than 
dietary terms. 
Procedures and Observations 

Newborn litters in our mouse colony 
were routinely counted, sexed, and 
checked for inherited or other abnor- 
malities with the aid of a dissecting 
microscope. The young were inspected 
again several times before weaning. This 
system permitted reliable distinction be- 
tween infantile mortality from disease or 
congenital causes (such as harelip), and 
death due to parental cannibalism. Mu- 
tilation patterns, characteristic of certain 
cannibals, were closely examined in suc- 
cessive litters as well as in foster litters. 

Details of maintenance, uniformity of 
environmental factors and hygienic pre- 
cautions have been outlined elsewhere?. 
It should be emphasized that the Morris 
checker diet® has supported excellent 
lactation and growth in most strains, 
both here and at the National Cancer 
Institute, and has allowed continuous 
record production in our high-litter-size 
Swiss stock under a schedule of unin- 


terrupted post-partum pregnancies.* 


Cannibalism 


Despite the apparent adequacy of nutrition, 
various genotypes differed greatly from one 
another in their cannibalistic tendencies (Table 
I). A-strain mice of the A/Ha subline proved 
the most unreliable parents. When A/Ha@ 9 
were isolated during pregnancy, 29.2 percent 
of them ate part or all of their infants soon 
after birth. With both parents in the cage, the 
incidence rose to 45.5 percent. This figure 
meets expectations if we: 1. assume a 29.2 
percent affliction for males as well as females; 
2. calculate the chance for coincidence of two 
cannibalistic parents in the same mating as 
8.4 percent; 3. subtract 84 percent from 58.4 
percent (= 2 * 29.2) to arrive at an expect- 
ed value of 50.0 percent cannibalism for unin- 
terrupted A/Ha matings. In crosses between 
A/Ha? @ and C3H/Strongé 2, the fathers 
can be ruled out since they came from an en- 
tirely normal stock, while the 9 @ performed 
as anticipated (expected mean 29.2 percent; 
actual performance 24.2 percent) from their 
behavior during 13 consecutive generations 
(Table IT). 

Degree of inbreeding or rate of litter suc- 
cession were not correlated with quality of 
parenthood. The heterogeneous Swiss stock 
(in which four lines were recently combined 
to achieve hybrid vigor) and C3H/Strong (by 
now sib-mated for 81 generations) both reared 
practically all of their young to weaning age. 
In the Swiss and C3H strains breeder pairs 
were never separated, hence 9 9 were usually 
lactating while pregnant and litters were born 
only 21-25 days apart. On the same intensive 
mating schedule or under a retarded program 
(Table I, lines 3 and 1) the A/Ha cannibal- 
istic trends were comparable inter se, but far 
in excess of Swiss and C3H/Strong. 

The frequency as well as the intensity of 
the vice was greatest in A/Ha. All cannibals 
of other strains reared a fraction of their lit- 
ters, while almost one-third of the A/Ha of- 
fenders killed and ate all of their offspring. The 
remainder ate 54 percent of their young and 
nursed the survivors, showing no preference 
fer sons or daughters. With increasing age 
there was a progressive deterioration in ma- 
ternal care (Figure 13). Normal mothers of 
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MUTILATION 


PATTERN 


Figure 10 
Neck, right shoulder, base of tail, thighs and foot pads are comparably injured by the 


mother of these three-day old survivors of a litter of seven. 


Their sibs were identically 


marked, but were eaten before they could be photographed. 


either the A/Ha strain or of other genotypes 
did not exhibit this decline over the range of 
litter sequence plotted in Figure 13 

A typical cannibalistic pedigree is repro- 
duced in Figure 12. Male parents could not be 
classified, since they were separated before 
birth of litters; some of the QQ were sterile 
or produced too few offspring to permit label- 
ing. Manifestation of cannibalism was, how- 
ever, sufhciently frequent and so distributed 
that a relatively simple hereditary scheme is 
not precluded, Partial dominance is indicated 
both by the frequency of the trait in Figure 12 
and by penetrance in F) hybrids between A/Ha 
and C3H/Strong (Table I, lines 4 and 5). 

Mutilation Patterns 

The psychotic behavior of certain A/Ha 
mothers, such as those indicated by full black 
symbols in Figure 12, is of particular interest. 
These 2 92, of which altogether 28 were ob- 
served in detail, inflicted significantly uniform 
patterns of wounds and digit amputations 
upon their young, ate about three-fifths and 
reared the rest of their disfigured infants. No 


such “mutilators” occurred in strains other 
than A, and here only in the A/Ha subline. 
The discovery of this abnormality may be 
credited to our laboratory routine of closely 
inspecting litters on the day of birth and twice 
a week thereafter. The first example of a 
mutilation pattern was seen in a litter of five 
at weaning time. Every one of these other- 
wise healthy mice bore a scabby lesion 3% 7 
mm. in area on the left cheek below the eye. 
The right cheek and the rest of the body were 
not injured. The next three litters of the same 
female were found to be entirely normal at 
birth but all were soon uniformly marked on 
jaws and cheeks by their mother. Figures 10 
and 11 illustrate the precise surgical workman- 
ship of which a mouse may be capable. 
Among the body regions chewed or ampu- 
tated by the 28 mutilators, tail, genital papilla, 
and digits, alone or in combination, were pre- 
ferred; jaws, ears, abdomen, cheeks, neck, 
shoulders. and thighs were secondary targets, 
(Table IIL). It is probably not accidental that 
jaw, ear, and cheek mutilations never occurred 
in association with injury to the genitalia, al- 
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MUTILATION OF JAWS AND DIGITS 
Figure 11 7 
The lower jaw, fifth digit on right foot and first digit on left foot were removed by the 


mother of these twelve-day-old pups. 

though they did coincide with injury to the 
tail . This invalidates dependence of pattern on 
maternal preoccupation with head or tail end 


or on fixed modes of carrying the young. The’ 


latter activity was observed in numerous cages 
and found to be quite random, as has been re- 
ported also for the rat!. 

In four litters from three different females, 
totalling 25 young and showing ear mutilations 
of great uniformity, every single animal was 
injured on the left ear only. The probability 
f this being an accident is 1: 33,349,642 

Equally unexplainable on accidental grounds 
was the regularity of digit removal (Figure 
14 and Table IV). The chance for identical 
amputations of the first toe on the left rear 
foot of each of seven young (2 1794 on Table 
IV) is 1/207 or less than one in a billion. 
Mouse No. 1821 performed with even greater 
precision on her own litter and with somewhat 
lessened regularity on five foster litters of sev- 
eral genotypes; but even for the latter, a pat- 
tern emerges from a comparison between left 
and right. On the right front and rear feet 
digits I and V were singled out, while on the 


left front and rear digits I and II were bitten 
off by choice. 

Repetition of systematic maiming in from 
two to six successive litters was observed for 12 
females. More than half the young were eaten 
by these “mutilators,” after first having been 
disfigured according to their mother’s individ- 
ual topographic taste; the rest were reared to 
weaning age at which time the injuries had 
usually healed. 

Discussion 

The probability of genic control of 
cannibalism in the A/Ha_ stock gains 
support from several considerations. 
First, the abnormality is most prominent 
in this strain, and nearly or totally ab- 
sent in some other genotypes on the same 
diet. Second, the incidence for isolated 
A/Ha 2? and for such 22 mated to 
normal C3H ¢ ¢ was similar (29 per- 
cent and 24 percent), while in perma- 
nently united A/Ha pairs it rose to the 
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O = NORMAL MOTHERS 


190?) 1098 “sr 


UNCLASSIFIED OD = ALL UNCLASSIFIED 
@ =CANNIBALS WITH MUTILATION PATTERN 


@ = CANNIBALS WITHOUT PATTERN 


A CANNIBALISTIC LINEAGE OF A/Ha MICE 
Figure 12 


Since cannibalistic tendencies appear in only a few strains of inbred mice, it appears that 
a genetic factor determines this behavior—the mode of inheritance of the basic tendency 
toward and of the pattern of this nibbling has not been established. 


level predicted after correction for coin- 
cidence. Third, assuming equal fre- 
quency of the character in ¢ 4 and 22, 
available pedigrees do not preclude (al- 
though they do not prove) transmission 
of the trait through one or more partially 
dominant factors. Partial dominance is 
also indicated by penetrance in (A/Ha ¥ 
C3H/Strong) Fi hybrids. Finally, the 
fluctuations of incidence during 13 gen- 
erations (Table Il) were insignificant, 
considering the limited size of the sam- 
ples, and are suggestive of a genic equi- 


TABLE IV. Toe Amputation 


Total 
Number and Own or Living 
Generation Foster Young in 
of Mother Litter Litter Il ILIV 


Right Front 


librium. The A/Ha population, in spite 
of continuous inbreeding, was random-- 
mated with regard to cannibalism. This 


TABLE III, A 1T hy of A’Ha Muti- 
lation Patterns in Order of Frequency. 


“Number of | Number of 


Litters 


Patterns of Injury® Inflicted 
upon Young by their Mothers 
GT, GDT, G, GA 
D, Dt 
J, JDT, JET, JE 
, B, A, N, $, L, 
‘tal 


*The denote the initial. letter for each of the 
followng sites: abdomen, cheek, digit, ear, genitalia, jaw, 
leg, neck, shoulder, tail. 


Patterns in the A’ Ha Strain. 


Digits Amputated by Mother 


Left Front Right Rear Left Rear 


“1600 own 

1794 F own 

1795 own 

821 own 

1821 F Foster 
182t F Foster dba 

1821 F Foster CSS 
1821 F Foster dba 

1821 F Foster A/Strong 


120 
| 
17 78 
{ 65 
i $7 
8 40 
50 240 
6- 6 66 - - § 6 3 
4 9 8 4 


Hauschka: Cannibalism in Mice 


PERCENT OF LITTERS CANNIBALIZED 


CANNIBALS ——o—— 
OTHER STRAINS -- -e - -- 


LITTER ORDER 
INCREASE OF CANNIBALISM WITH AGE 


Figure 13 
Percent of successive litters eaten by cannibals of strain A/Ha and of other inbred strains 
of mice (dba, C57 black, C58, C3H», and A/Strong). 


assumption is justified by the mating 
system which was designed for our earli- 
er studies* on a sex-linked lethal in the 
A/Ha mice, with emphasis on testing 
every female for sex-ratio at birth (re- 
gardless of maternal behavior). From 
this work, incidence of harelip, open eye- 
lid, stillbirths, sex-ratio at birth, corpora 
lutea counts and placental resorptions 
were known. A comparison of cannibals 
and normal mothers with respect to non- 


TABLE I. 


Incidence of Parental Cannibalism in Sev- 
eral Genotypes of Mice under Same Diet. 


Total Percent 
Mat- Canni- Canni- 
tings Normal bails bals 


A/Ha sibs, pregnant isolated $06 3 148 
A/ Ha sibs* 22 4 160 
A/Ha x C3H/Strong 
(A Ha & C3H/StrongjF, & PF, 
(A/Ha C3H Strong )F; 
C3H Strong 
Li sibs 
CS® MacDowell sibs 
“SHb/Ar 


“$7 black sibs 


dervont sibs 


*In this and all subsequent matings, pregnant 
not isolated prior to birth of litter; both p 
with the voung until weaning time 


viable offspring, ovulation and resorp- 
tion phenomena—some of which could 
conceivably stimulate destruction of via- 
ble young—did not reveal significant dif- 
ferences. Cannibalism was, therefore, 
not detectably influenced by the mother’s 
ovarian function or by genotypic consti- 
tution of the litter. Nor can it be ascribed 
to poor lactation which was good in the 
ancestral Bagg albinos® and still appears 
adequate, as judged from the stomach 
TABLE II. Incidence of Cannibalism among Mothers 


of the A/Ha Strain in Thirteen Sucessive Genera- 
tions. 


Percent 
Cannibals 


Cannibalistic 
Mothers 


Total 
Mothers 


Generation of 
A/ Ha subline 
Fi,2 31 
Py 
P, 
F 


ew w & & 


121 
80 
/ 
; 
i 
60) 
* 
4 
4 
oe 
/ 
/ 
20 
/ 
----4 

2 3 4 5 6 7 and 8 
= 

29.2 7.5 
45.6 

24.2 17 2+ 7.2 
12.5 7 96 
Ot 6.5 
23.5 Ps 43 i 6> 66 
13.0 F- 30 16 00> 61 
14.7 Fs 29 262 4.6 

A/ Strong sibs 12 Fe pie 
Swiss random pairs 256 12 4.7 F 66 22 
were 18 6 40.0 + 11-2 
ts remained Total $046 148 73.3% 223 


The Journal of Heredity 


AMPUTATION PATTERN 
Figure 14 
After amputating the outer joint of first digit on left hind-foot on each of seven otherwise 
uninjured young, their mother reared them to weaning age at which time they were killed for 


this photograph 


The four feet of each of the seven infants are shown here. 


The left hind 


foot is the lower right-hand unit of each group. 


contents of suckling young. The A-strain 
is noted for a relatively small mean litter 
size at birth; therefore, the mothers are 
not under a depleting strain either before 
or after birth. 

The haphazard wounds on the car- 
casses of hali-eaten young found in the 
cages of uncomplicated cannibals point 
toward a simple aim, which is to kill and 
to eat. As for the individualistic patterns 
of “mutilators” here recorded, subtle nu- 
tritional deficiencies are an unlikely ex- 
planation. For, if a hypothetical lacking 
nutrient were to be found in toenails, for 
instance, any nail on any digit would fill 
the need, or all nails should be eaten. 
Despite sameness of pattern for any 
given mother, differences between indi- 
viduals with respect to anatomical choice 
preclude ease of accessibility or subtle 
chemical properties of favored sites as 
motivating factors. Since foster litters 
of different strains were all rather uni- 
formly injured by one A/Ha female, the 
genotype of the victims appears to be of 
little consequence 

As in whisker-eating mice*t, which are, 


however, good parents and confine them- 
selves to harmless removal of vibrissae, 
we may here be dealing with a disori- 
ented grooming drive. During normal 
grooming, pups are held in the forepaws, 
turned into various positions and cleaned 
by rapid licking. The genital region 
comes in for most attention’. Similarly, 
among the various mutilation patterns 
(‘table IIT) extirpation of genital papil- 
lae was the most common. The geometric 
precision of many of these patterns, and 
their frequently unilateral nature, impli- 
cate handedness as a participating factor. 
Ability to single out for amputation the 
same two of 20 possible digits in each of 
seven infants, and at this point to refrain 
from further injury, is not the mechani- 
cal work of mere “instinct”; it presup- 
poses a highly developed awareness of 
hody plan, if not gestalt-recognition. 


Summary 


Incidence of parental cannibalism in mice 
of eight strains, kept on the same adequate 
diet, varied over the range from 0 to 45 per- 
cent. The trait was most frequent in the A/Ha 
subline where it showed little fluctuation dur- 
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dauschka: 


ing 13 sib-mated generations and behaved as 
if inherited. Irregularities in ovulation, pre- 
natal resorption, litter size at birth, non-viable 
genotypes among the young, and lactation were 
ruled out as contributory causes. While ordi- 
nary cgasibals destroyed and ate their young 
in a haphazard fashion, certain A/Ha mothers 
held themselves to anatomically defined muti- 
lation and amputation patterns and often reared 
their uniformly injured infants. The motiva- 
tion of this behavior is discussed and it is 
interpreted as a disoriented grooming drive. 
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CHANCE BANISHED FROM SOVIET STATISTICS 


Russia_ the 
marches on- 


N various fields of science in 
Stalinist-Lysenkoist ideology 
ward with tank-like inevitability. Recently an- 
thropology, sociology, and statistics have in 
varied ways been flattened by the steamroller 
of Marxist science. That chance should be 
barred from statistics is only an inevitable ex- 
tension of academician Lyserko’s dictum that 
is the enemy It follows 
trom this that the binomial theorem, which 1s 
the very basis of “capitalist” statistics, must be 
banished into Soviet limbo, In the March 1952 
issue of the Review of Economics and Sta- 
tistics, (Harvard University Press), Dr. 
Stuart A. a distinguished assistant direc- 
tor of the . Bureau of the Budget, brings 
us up to ag on the steps which have banished 
chance from Communist statistics. At a meet- 
ing in Moscow on February 20-21, 195@ the 
chief of the central statistical administration, 
V. N. Starovskiy told the assembled experts 
that “harmful distortion in Soviet statistical 
science and literature hamper its development.” 
He “identified the main obstacle to the de- 
velopment of statistical science as the formal 
mathematics school of thought [which] con- 
siders statistics [to be] a universal science for 
the study of nature and society based ultimate- 
lv on the mathematical law of large numbers 
and not on the Marxist-Leninist theory.” V 


“science of chance.” 


A. Sebol then carried the ball to the five yard 
line of the “Capitalist” supporters of statistics 
in the Soviet Union, Developments followed 
the pattern so well established in the genetic 
purge of 1948. The sacrificed victim was the 
hapless I. Yu. Pisarev. Terrified by the knowl- 
edge that “his printed works and oral statements 
{had been] severely criticized, he acknowl- 
edged that this criticism was basically sound. 
He also acknowledged the correctness of 
Sobol’s report. The criticism of the so-called 
universal theory of statistics, which he himself 
supported and developed showed him that this 
had been a great error on his part. * * * He 
promised to correct his errors and to give an 
exhaustive criticism of the universal theory of 
statistics on the basis of Marxist-Leninist 
classics on statistics.” 

Commenting on these peculiar goings on, Dr. 
Rice sums up the matter as follows: 

“When all of the possible explanations of 
seeming disagreement with Soviet statistical 
conception, are recognized and conjoined with 
the partial agreements, there remains a deep 
gulf between generally accepted scientific post- 
ulates and Soviet conceptions. 1 wish that it 
might be bridged. The obstacle to bridging it, 
as I see it, is the dogmatic or theological char- 
acter of the premises upon which Soviet 
thought is built. 


(Continued om tage 128) 
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NORMAL AND GOLDEN POLLEN CELLS 


Figure 15 


4 to F--Photomicrographs of pollen mother cells of normal and heterozygous golden 
plants, f to (-—-Diakinesis, first metaphase, and first anaphase respectively in a plant hetero- 
zygous for golden, /) to /—Corresponding stages in a normal plant. There was no apparent 
chromosomal aberration in heterozygous or homozygous, golden plants. The meiotic chromo- 
somes in the heterozygous plant appear smaller than those of the normal plant, but smearing 
and other variables might account for this. It appears that this dominant mutation is genic in 
nature, rather than being due to a chromosomal aberration. (Approx. 900.) 
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A RARE DOMINANT CHLOROPHYLL 
MUTANT IN DURUM WHEAT* 


Induced by Atomic Bomb Irradiation 


LUTHER SMITH 


OMINANT gene mutations are 

rarely recorded in the literature. 

The present report deals with a 

mutant in tetraploid (2n = 28) wheat 

(Triticum durum) which behaves in 

every way as such a mutation. It was 

found as a yellow green or golden chi- 

mera ina plant among those grown from 

seeds exposed to the Test ABLE atomic 
bomb at Bikini in 1946. 


Review of Literature 
A considerable number of work- 
ers*:3.%1!! have reported variegations or 
sectors of different-colored chlorophyll 
in plants grown from seeds exposed to 
ionizing radiations. These chimeras are, 
therefore, not unusual. They also occur 


spontaneously, and possibly as a result 
of high temperature treatments." 

As indicated in the introduction, domi- 
nant mutations are not common in the 
literature. The most classic example of 
a dominant mutation which arose in cul- 
ture is Bar eye in Drosophila. More re- 
cently observations on salivary gland 
chromosomes show that this character 
and its variants, are conditioned by a 
duplication in the X-chromosome. Ac- 
cording to Dobzhansky,! among 200 mu- 
tants in Drosophila, only 13 were domi- 
nant. 

Smith!9 reported finding about eight cases 
in the literature of dominant or partially domi- 
nant mutants in barley. These eight mutants 
were noted among several thousands of induced 
and spontaneous mutations which have been 
reported. More recently, L. H. Shebeski7 at 
the University of Saskatchewan has found a 


number of irradiation-induced dominant mu- 
tants in barley, including hooded, 2-rowed, and 
rough-awned types. 

Kellenbarger4 has also recently reported 
finding an X-ray-induced chlorophyll mutant 
in peas which behaved somewhat like a domi- 
nant, although the genetic tests made were in- 
adequate to prove whether or not it was such 
a mutant, 

Teas and Anderson!? found a blue fluores- 
cent mutant in maize which behaved as a domi- 
nant in the anthers, but as a recessive in the 
seedlings. 


Material and Methods 


When the seeds of barley, wheat and oats 
which were exposed to the ionizing radiations 
from the atomic bomb were grown at Sacaton, 
Arizona, in 1947, a number of chlorophyll chi- 
meras were observed.® Similar chimeras were 
found in material which had been exposed to 
known doses of X-radiation in order to com- 
pare the effects of X-rays and atomic bomb- 
induced radiations. One plant of Carleton du- 
rum wheat had stripes which became more 
yellow green or golden as the leaves grew 
older. Subsequent generations of this plant 
form the topic of this paper. ka 

Plants grown from treated seeds are referred 
to as the X;. Selfed progenies of these plants 
are termed the Xz, etc. 

Most of the observations were on field- 
grown populations, because the golden color 
becomes more evident as the plants develop, 
and because it is often difficult to distinguish 
the golden plants in the seedling stage. 

The acetocarmine smear technique’ was 
used for observations on microsporogenesis. 
Carnoy’s solution (Smith’s formula A) was 
used as a fixative. Pollen was fixed in 50 per- 
cent ethyl alcohol and stained in a solution of 
iodine and potassium iodide. Photomicrographs 
were taken with a Bausch and Lomb photo- 
micrographic camera on Process Panchromatic 
films, which were then developed in D11. 


*Scientific Paper No. 1105, Washington Agricultural Experiment Stations, Pullman. Proj- 
ect No. 1002. This study was supported in part by a grant from the Atomic Energy Commis- 
sion. The author is Professor and Agronomist, Department of Agronomy, The State College 
of Washington. He desires to call attention to his detailed acknowledgments in an earlier paper.® 
He wishes to express special thanks to R. H.-Peebles, Superintendent of the USDA Field Sta- 
tion, Sacaton, Arizona, for carefully harvesting the special plants, one of which formed the 
basis of this study. He also wishes to thank R. S. Caldecott, C. C. Moh, and Helga Gunthardt 
for making crosses and for other help in connection with these studies. 

; Tit was with deep regret that we learn of Dr. Smith’s death from Cancer on June 4, 1952. 
Genetics loses a research scientist who at the age of 43 had made a record of real distinction.—Eb. 
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GOLDEN POLLEN SMALLER 
Figure 16 


A to ( 


golden; #&—Heterozygous golden; and © 


Photomicrographs of mature pollen stained in iodine trom a: A—Homozygous 
Normal plant. 


(Approx. 80x) 


It appears that the pollen of homozygous and of heterozygous golden plants is somewhat 
smaller than pollen of normal plants, although there is little difference in the percentages of 


empty spores 


Experimental Observations 
A special effort was made at Sacaton 
from culms which. had 
chlorophyll chimeras. Progeny tests of 
several of these were run in 1948 at 
Pullman. Four spikes from culms with 
such sectors were tested in barley. One 
of the four segregated cream-colored 
seedlings, which tests to date indicate 
are the result of a recessive gene muta- 
tion. These seedlings were about the 
same color as the broad, cream-colored 
secter in the original plant. 

Progeny tests were made of 13 cases 
of chimeras in durum. Two of these 
were transmitted. One was a_yellow- 
green striping in the offspring, resem- 
bling the appearance of the original chi- 
mera. This mutant also seemed to be- 
have as a simple recessive 
TABLE I. Average height, number of culms and 
number of spikes on normal, golden (both homo- 


and heterozygous in segregating populations) and 
homozygous golden plants. 


to save seeds 


The second case forms the subject of 
the present study. 

The plant from which the golden line was 
derived was noted as having stripes on five 
out of six culms. The stripes were descrtbed 
as light green, turning to yellow green. This 
is the same behavior pattern that was later 
observed in self-colored plants. Although some 
of the leaves were 75 percent yellow green, no 
clear sector was observed @n any of three 
spikes which had emerged when the last note 
was taken. 

Three spikes from this plant were tested in 
field plantings at Pullman. All three spikes 
segregated self-colored golden plants. Un- 
fortunately, counts were not made on these 
populations, but it was noted that there was a 
higher proportion of golden plants in one 
progeny than there was in the other two. 
There was no clearly striped plant in these 
progenies. 

Golden Xz 


TABLE II. Summary of tests for golden in X,, X,. 
and X_ populations* 


plants were used as male and 


Plants Progeny plants observed 
tested 


a4 
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female parents in crosses with normal plants 
from other populations. When the mutant was 
used as the female parent, 8/23 hybrids were 
golden; and when used as the male parent, 
9/19 were golden. This indicated that the 
mutant was the result of a dominant mutation 
rather than the result of a recessive or cyto- 
plasmic mutation. Additional data on selfed 
progenies have been accumulated which sup- 
port this conclusion 

Data on several of the physical character- 
istics of normal and mutant golden plants are 
summarized in Table I. Another characteristic 
of the golden plants was noted which could not 
readily be represented in tabular form. This 
was their tendency to shed their awns as ma- 
turity approached. 

Observations on the segregation of golden 
in selfed and hybrid populations are presented 
in Tables II to V. 

Photomicrographs of some meiotic stages in 
pollen mother cells, and of pollen of normal 
and golden plants, are shown in Figure 15. 

It is apparent that, except for a few plants 
which probably were the result of pollen con- 
taminations or seed mixtures, there was no 
golden plant in the selfed progeny of normal 
plants. In crosses with homozygous golden 
plants, all hybrids were golden, regardless of 
whether the mutant was used as the male or 
female parent. When heterozygous plants were 
used in crosses, approximately half of the hy- 
brids were golden and half were normal. Some 
Xa, Xu Fy, and Fs golden plants gave only 
golden offspring, while the others segregated 
approximately 3 golden : 1 normal plant. 


Discussion 


Chimeras in plants grown from irradi- 
ated seeds could be accounted for by 
several mechanisms: 1) Coincidental re- 
cessive mutations at the same locus in 
both homologous chromosomes; 2) 
Dominant mutation; 3) Pleiotropic ef- 


Summary of tests for golden in F, 


populations from crosses. 


TABLE IV. 


plants Fy plants observed 

tested Golden Normal Total Percent 
No Ne No Ne golder 


fects of a deficiency or other chromo- 
somal aberration; or 4) Cytoplasmic 
changes. 

The relatively low freqeuncy of chi- 
meras induced by ionizing radiations 
might well be accounted for as the result 
of recessive mutations, and there is some 
evidence (see above) that two of the 
cases tested were the result of such muta- 
tions. However, the apparently higher 
frequency of chimeras in durum wheat 
than in barley in the Bikini material® 
mitigates against this explanation as be- 
ing the most likely one, in some material 
at least. The frequency of recessive mu- 
tations in the tetraploid durum was only 
half the frequency (approximately 3 
vs. 6 percent), found in the diploid bar- 
ley from the same radiations. 

The slight deficiency of golden plants 
in segregating populations can be ac- 
counted for by one or a combination of 
the following causes: 1) The viability of 
golden (especially homozygous) plants 


Summary of tests for golden plants in 
hybrid populations. 


TABLE Il. 


Cross 

Golden K normal 

Normal & golden 
Homozygous golden X normal 
Normal X homozygous golden 
Golden Fy X normal 

Normal X golden FP, 

Normal normal 

Normal normal F, 


ee 


* reciprocal 
+ This one golden plant probably 
contamination with poller 


resulted from a chance 
natural cross containing the gene 


for golden. 


TABLE V. Summary of tests for golden in F, 
populations from crosses." 
Fy 
plants F, plants observed 
tested Golden Normal Total Percent 
Cross No No No No 


normal® 


Golden 
Homozygous golden 11 
Heterozygous 
Homozygous normal 38 

Normal golden® 
Homozygous golden 10 
Heterozygous $1 1,986 

, except that the 


eliable field test 


popu 


which 


a 
c a 
2a pz && 
38 76 $0 
* 7 0 78 100 
48 “ 4% 100 
25 23 as $2 
” 22 2? 4 4s 
it 69 70 0 
4s 6s 0 
Cross 
1 Golden X normal 
Golden 27 896 | 1,267 
Normal 27 3° 1,458 1,461 0 
Irt Normal X golden 
Golder 12 422 210 638 67 
Normal is It 944 945 0 
2 Golden F, X normal 
Golde 192 946 47 
Normal 5 0 245 245 0 
2rt Normal X golden F plants had to } gh seeds 1k Se 
Golder ! 30 13 43 70 This would of course discriminate against homozygous golden 
Normal 9g 0 460 460 0 plants which produced fewer seeds than the other two classes 
3 Normal F; X normal P > This was a test to determine how nearly the ratio of ’ 
Golder It 34 15 49 69 homozygous : heterozygous golden : normal approached the 
Normal 21 0 1,025 0 theoretical 1:2:1 
*These th plants were all in one group at the end of © This test increased the mugmlation to determine the 
i "a probably were mixtures propertion ef golden plants MEE were homozygous, See 
tReciprocal cross footnote a sbove 
{Probably a natural cross or mixture 4 Probably mixtures 
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was somewhat less than that of normals ; 
2) Two golden plants, being small, could 
more readily be counted as one plant if 
they were growing close together in the 
field than would be the case with normal 
plants. From the data, it would appear 
that No. 1 was the more important fac- 
tor. 

There was little difference between the 
transmission of the gene for golden 
through the male and female gametes. 
This further indicates that the character 
is the result of a gene mutation rather 
than a gross chromosomal aberration. 

The Committe on Nomenclature for 
wheat, through E. R. Ausemus, has ap- 


proved the gene symbol Go for this gold- 


en mutant. 


Summary 


A chlorophyll chimera was found in a plant 
of durum wheat which was grown from a seed 
exposed to the Test ABLE atomic bomb. In 
subsequent selfed generations of heterozygous 
plants approximately 34 of the offspring were 
self-colored yellow green—changing to a gold- 
en color. When heterozygous golden plants 
were reciprocally crossed with normal plants, 
half of the F,’s were golden and half were 
normal. When homozygous golden plants were 


crossed reciprocally with normal plants, all! 
of the F,’s were golden. 

It was concluded that the golden character 
was the result of an induced dominant muta- 
tion. The gene symbol Go fur the mutant has 
been proposed and accepted. 

Seed of the mutant can be supplied upon 
request. 
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(Continued from page 123) 


“The writer, like others of his generation, 
was reared in the assumption that major con- 
flicts in the world’s arena between theological 
dogma and scientific reason had come to an 
end. It seemed axiomatic that scientists were 
both free and obligated to draw independent 
judgments from tested evidence, to be discard- 
ed or modified only in their clash with further 
evidence or the reasoned judgments of others. 
Such judgments were to be drawn by anyone 
entitled to be called a scientist without regard 
to the effects upon his own or others precon- 
ceptions. Nor was this obligation challenged 
in the name of orthodoxy. Similarly the right 
of an individual to find his God and seek his 
own salvation in his own way went unchal- 
lenged by science.” * * * 


CHANCE BANISHED FROM SOVIET STATISTICS 


“The relevance of this to my topic is that | 
do not believe that the statisticians of free 
scientific traditions are likely to capitulate to 
the Soviet theses and the theological ortho- 
doxy upon which they rest. Is it possible, then, 
to bridge the gulf? It seems to me that an 
affirmative answer must depend upon a retreat 
by our Soviet colleagues from the indefensible 
positions, Can they be persuaded, or will they 
be allowed, to separate Soviet theology from 
the field of science with which they claim affl- 
iation? This is the basic question. If it can be 
answered affirmatively it is not too much to 
hope that eventually our colleagues in the great 
Soviet Union may rejoin us of other coun- 
tries in agreement upon premises underlying 
common. tasks.” 


_ 
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WILD TYPE PLUMAGE PATTERN 


In the Fowl 


KIMBALL 


Clinton Expertmental Farm, Clinton, Connecticut 


LTHOUGH ground color varies, 
newly hatched chicks of all species 
of junglefowl have definitively 

striped down ; and down pattern of the 
Red Junglefowl (Gallus gallus) is close- 
ly approximated by that of domestic 
black-breasted red fowls and their imme- 
diate derivatives. Since a number of 
Phasianoidea are striped in the down, 
it is possible that the same primary plu- 
mage pattern factor prevails throughout 
this avian superfamily. 

black-breasted red 


Domestic fowls, 


carrying the stippled pattern (Sg Sg), 
are ordinarily assumed to be identical in 
plumage genotype with the Red Jungle- 


fowl. A review of the literature revealed 
no data to affirm or deny this premise. 
Wherefore, parallel series of Red Jungle- 
fowl & domestic fowl, and Brown Leg- 
horn & domestic fowl matings are re- 
ported in Table I to demonstrate essen- 
tral identity of wild and domestic black- 
breasted red stippled forms with respect 
to major pattern genes. It follows that 
the Red Junglefowl carries the genotype 
(ee Sg Sq), like the domestic Black- 
breasted Red Game, Brown Leghorn, 
Duckwing Game, Yokohama, and oth- 
ers." 


Genes Conditioning Striped Down 


Striped down is characteristic for (e* e* Sg 
Sa) zygotes, but is subject to sendibeation as 
shown in Figure 17. Pyle-black (e* e* sg sq) 
chicks of one strain were black-striped choco- 
late-brown in some instances; whereas, those 
of another strain were invariably non-striped 
black. Variation in polygenic modifiers of 
expression of black seems to provide an ex- 
planation for the difference. Heterozygotes 
(Sg sq) of Dark Brown Leghorn origin were 
non-striped black, although sibling homozygotes 
(So Sg) were striped. Fowls of (e* e*) con- 
stitution, carrying various pattern factors that 
reduce melanin complements, ¢.g., Golden- 
penciled Hamburg and Buttercup, display im- 
perfect or vague down striping in different 


‘ 


degrees ; but matings of such forms with black- 
breasted reds produce F; progeny with well- 
developed striped down phenotype. Gene / 
blockades the pigment transfer mechanism of 
melanocytes,® producing non-striped white down 
in the Red Pyle Game. Non-striped white also 
occurs in chicks of the Wheaten Game and 
Salmon Faverolle homozygous for a dilution 
factor, Wh; but heterozygotes (MWh wh) are 
white in ground color, showing a mid-dorsal 
chestnut band, and no black stripes (unpub 
lished observations). 

The situation summarized above indicates 
that striped down is not a simple character im 
pressed upon down plumules by action of a 
single factor, but rather depends upon: (1) 
presence of functional melanocytes in feather 
germs; (2) an optimal pigment grade definable 
as a striping-threshold; and (3) presence in 
the genome of a restricting factor competent 
to produce striped down. Failure of any com- 
ponent in the complex would account for non- 
expression of striping. These inferences are 
susceptible to experimental exploration. 

F, segregation of Red Pyle * Black-breasted 
Red closely approximates 3 non-striped 
white : 1 wild type striped, and the latter de- 
velop and breed as (e* e° Sg Sg) fowls (un- 
published observations). It follows that non- 
striped white down in (/ /) zygotes, and black 
flecked white down in (/ 1) zygotes is attrib- 
utable to complete or almost complete absence 
of functional melanocytes, so far as transfer 
af black pigment is concerned, in feather germs 
of the Red Pyle. 


Feather Pattern Genes 


In studies of the genic basis for patterns 
within the feather, viz., Sg (stippling), Pg 
(penciling), and Bg (autosomal barring), a 
number of experimental birds were tested for 
genotype. All were of (e* e¢*) constitution, 
but varied in regard to specific pattern factors, 
as well as type and number of alleles in the 
genome. Correlation of genotype and down 
phenotype is summarized in Table II. Signifi- 
cant for the present inquiry is the item that an 
optimal pigment grade or striping-threshold 
prevails; a shift from dominant to recessive 
allele, affecting a single major gene locus, co- 
incides with profound alteration in down phe- 
notype. The number of dominant alleles pres- 
ent is not in itself an index of optimal pigment 
grade, ¢.g.. (Sg Sq) and (Bg Bg) coincide 
with striped down, but (Py Pa) zygotes car- 
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WILD TYPE DOWN PATTERNS 
Figure 17 
Semi-schematic outline drawings of female chick skins with wings removed to show dorsal 


appearance of down in (e* e*) fowls. Dots 
reddish-buff in the Black-breasted Red Game, 


white in the Wheaten Game. 
Yokohama, (C) Wheaten Game (Wh Wh), 


indicate chestnut coloration. 
silvery-white in the Yokohama, and creamy- 
Specimens represented are (4) Black-breasted Red Game, (F, 
(1)) Wheaten Game (Wh wh), and (E) pyle- 
black. Non-striped black down also occurs in (Sg sg), 


Ground color is 


(Pg pg), and (Bg bg) zygotes. 


Non-striped white down is present in chicks of the Red Pyle Game and Salmon Faverolle. 


rying polygenic complements for intensified 
melanism are non-striped brown. Heterozygos- 
ity is not necessarily associated with non- 
striped down, ¢.g., (Sg sa Bg bg) hybrids are 
non-striped brown, but (S¢ AY?) Pa fa Ba hq) 
hybrids are striped, with lighter ground color 
than normal wild type chicks. Although quan- 
titative details remain to be established, it 
seems clear that striped down depends not only 
upon presence of melanin, but also upon an op- 
timal grade of melanism. The striping-thresh- 
old involves a delicate all-or-none equilibrium, 
excess of pigment suppressing striped down 
completely without intermediate phenotype 
grades. Two dominant alleles in the genome 
determine non-striped brown several in- 
stances; whereas, one dominant allele in’ the 
genome is commonly associated with non- 
striped black down (heterozygotes (Sq sy) 
of Light Brown Leghorn being an exception) 

Attention is drawn to the circumstance that 
non-striped black down is certainly not a safe 
index of extended black (# /) down, as has 
frequently been supposed. Nor is red, russet, 
or brown non-striped down necessarily an indi- 
cation of genotype. 

Genetic specificity of black pigments asso- 
ciated with action of genes ¢’ and E has been 
discussed elsewhere by the author.7 Dorsally 
non-striped black down is a constant trait of 
(EE) chicks, unless eryptomerism obtains as 
in dominant and recessive white plumage. No 
exception has been found to the rule that 
(E e*) chicks are non-striped black, and such 
has been the experience of other investiga- 
tors.5.5 During the embryonal stage, restrictor 
action of gene e* is effective against ¢* black, 
but totally ineffective against E black. In this 
connection it may be noted that Hutt4 (p. 
193) assumes presence of gene F in various 


black-breasted red domestic fowls. The pre- 
ceding data would seem to exclude the possi 
bility that / black is present in feather germs 
of chicks with striped down. 

Extracted fowls of the genotypes (Ek FE Sg 
Sq), (E E Sq sg), and (E E sg sa) were 
non-striped black in the down. A_ standard- 
bred Black Leghorn cock was tested and 
found to carry (EF E Sg sq); he sired non- 
striped black chicks with Black Leghorn and 
Brown [Leghorn dams. 


Genes Which Condition Striping 


Major genes likely to induce striped down 
in black-breasted red stippled forms are e’ 
and Sg. The fact that striped down occurs in 
some pyle-blacks (sg sg), as well as in pen- 
ciled and autosomal barred fowls, proved re- 
cessive for stippling, leaves gene ¢* in pos- 
session of the field as the competent produc- 
ing cause of striped down. Definitive wild 
type striping has been found only in fowls 
demonstrated to carry gene «*. Although 
(e* e*) zygotes may be non-strived, definitive 
striping has not been found in the absence 
of 

Some exhibition-bred Columbian Wyandottes 
(e e) produce chicks that are almost or com- 
pletely silvery-white in the down. Exhibition- 
bred and some production-bred Buff Or- 
pingtons are clear golden-buff in the down. 
On the other hand, many (¢ ¢) fowls produce 
chicks with more or less suffusion of the mid- 
dorsal region with gray, slate, or black; head 
spots may be present; and in Rhode Island 
Reds variable grades of striping sometimes oc- 
cur. An unpublished study suggests that gene 
e is an allele operating in the same restrictor- 
channel as gene e*. It has also been shown that 
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an optimal threshold for e restrictor action 
prevails. F, progeny of Light Brown Leghorn 
x Columbian Wyandotte were Columbian in 
down pattern; but Dark~ Brown Leghorn » 
suff Orpington produced an array of’ down 
phenotypes, ranging from Columbian to poorly- 
expressed striping. Lakenvelders (¢ ¢) have 
been shown to carry heavy melanizing comple- 
ments; Dark Brown Leghorn & Lakenvelder 
produced F, progeny with striped down ap- 
proximating wild type pattern. Golden Cam- 
pines (e* e*) carry heavy melanizing comple- 
ments, at least in strains tested by the writer. 
The matings Golden Campine & Columbian 
Wyandotte, and Golden Campine * Buff Or- 
pington produced F,; progeny with striped 
down indistinguishable dorsally from wild type 
pattern. 
Effect of e on Striping 

The foregoing indicates that gene ¢ is a re- 
strictor whose action is clearly not opposed to 
expression of striping in a number of instances, 
and might in some cases be interpreted as ad- 
juvant to e* in (¢ e*) hybrids with high mel- 
anin complements. Selection of matings for 
low melanin complements demonstrates, how- 
ever, that typical action of ¢ is suppression of 
striping in (¢ ¢’) heterozygotes. This is in 
harmony with the concept that factors reducing 
melanism below threshold level obscure or eli- 
minate expression of striping. Substantiation 
is afforded by the observation that (1 1 ¢ ¢*) 
zygotes, with New Hampshire Red as one 
parent, showed variable low-grade striping in 
the down, while (/ i ¢ e*) siblings were non- 
striped. 

Bateson and Punnett! attribute striped down 
to an autosomal factor dominant to non-striped 
brown. The symbol St has been proposed for 
the gene by Hutt#. Wild type & recessive 
white produced F, chicks all of which were 
striped; and F, segregation approximated nine 
striped: three non-striped brown: four non- 
striped white (Bateson and Punnett?). Such 
a result follows if wild type carries the geno- 
type (C C St St), and recessive white is (¢ ¢ 
st st), as suggested by Hutt?. Certain aspects 
of the foregoing require further exploration, 
however, because a paradoxical situation pre- 
vails. 

TABLE I. F, down phenotypes in selected parallel 
matings. 


5 


tres 
Red Junglefowi or Brown Leghorn 


Darns (ate* Se Sg bg be) 


Non-striped Striped 
Black Brow'n Wild Type 
Black-breasted Red Game 
(et ot Sg Sg bg all 
Pyle-black 

sg se bz bg) all 

Golden Campine 
(e* e* sg se Be Be) all 

Black Minorca 
(E EF sg sz bg be) all 
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The writer obtained 62 F, chicks from 
Brown Leghorn > Jersey White Giant; all 
were non-striped black, in sharp contrast with 
the data of Bateson and Punnett cited above. 
Brown Leghorn * White Minorca produced 
95 F, progeny, all of which were non-striped 
black. Recessive white dams of both matings 
had been previously tested and found to carry 
cryptomeric (E E). Non-striped black down in 
all F, progeny accords with the genotype 
e*). Bateson and Punnett! found striped 
down “hypostatic” to nonstriped black. Since 
all FF, progeny were striped in their wild type 
x recessive white mating, the exceptional but 
necessary circumstance arises that their reces 
sive whites were of constitution, and 
certainly not (/ EF). This is also attested by 
the absence of non-striped black down among 
F. segregants. Furthermore, the recessive 
whites ef Bateson and Punnett were obviously 
of unusual genotype because such mating ordi 
narily involves three, not two, segregating al 
lelic pairs. The writer’s findings for 153 F: 
progeny of Brown Leghorn * White Minorca 
are relevant to the issue. 

Segregating characters material to the case 
comprise alleles for (1) primary plumage pat- 
tern (FE and e*), (2) secondary plumage pat- 
tern (Sg and sg), and (3) recessive white 
(Tr and tr, Kimball®). Among 153 Fy. chicks, 
there were 99 non-striped black, 43 non-striped 
white, and 11 striped in the down. Non-striped 
black down included chicks of the genotypes 
(E E), (E e*), (ete* Sa sa), and probably 
(e* e’ sg sg). Between hatching and maturity, 
17 birds were lost from various causes. Adult 
plumage should represent 27 genotypes and 
eight phenotypes. It must be borne in mind, 
however, that complex situations prevail, e¢.g., 
(E e*) females are self-black ; and (e*e* SaSq), 
(e? Sa sa), and (e* sg sg) males are not 
distinguishable with certainty except by breed- 
ing tests. Among total of 136 surviving mature 


TABLE II. Correlation of genotype and down pheno- 
type in e*) zygotes. 


Down Pattern and Coloratior 


~ Non-striped - 
Striped Browr Black White 


(S¢ Sg) (Sgug Bg bz) (8 (118% 
(Pe (Sgs¢ Pepe) (Pere) (1 
(Bg Br) (Pg Pe)? (Bg be) (Wh Wh Se Sr) 
(sg (S¢Se)* (Pe pe Be be) 

(Sg Sg Pg pe) (Sz sz)" ( ys 


(S¢ Sg Bg 4g) 
sg Pe pe Be 
(Wh wh 8¢)* 
(Se Sg Bg Bg 
*Partridge (golden-penciled) pattern 
2Some Dark Cornish 
3Some pyie-blacks «x (Brown Leghorn White Minorca) 
*Occasional Dark Brown Leghorn chicks of some strains 
®Pvie-blacks «x (Golden Campine Brown Leghorn) 
Chestnut mid-dorsal band; no black stripes (see text) 
THeterozygotes ex Light Brown Leghorn 
SHieterozvgotes ex Dark Brown Leghorn. 
*Double-homezvgote for stippling and barring, shows im- 
perfect striping on iight yellow ground color, and has been 
proved genotypically and phenotypically identical with Butter 
ap 
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fowls there were 4& self-black (114 ; 3792 9), 
44 pyle-zoned black (41¢ 2; 39 9), 11 pyle- 
zoned stippled (no 1199), 7 red pyle 
(3 £2; 4992), and 26 white (14 24; 
1299). Self-black pullets included (E E) 
and (E genotypes; pyle-zoned blacks com- 
prised (E e*), Sg Sg), (e* Sa sg), 
and (e° e° sg sg) cockerels; pyle-zoned black 
pullets proved to be pyle-blacks (¢* e* sg sg); 
zoned stippled pullets included e° Sg 
Sy) and (e* e? Sg sg) forms; red pyles were 
not tested, but presumably represented the re- 
cessive white type. 


The Case Against the St Gene 


A hypothetical dominant striping factor (S¢) 
fails to explain segregation in the mating re- 
ported. Moreover, it meets with insurmount- 
able obstacles if a general survey of the subject 
is undertaken. A few illustrative cases will 
suffice. St is said to be dominant to non-striped 
brown down. Since Brown Leghorn and Gold- 
en Campine chicks are striped, both breeds 
should carry (St St); and yet, F, chicks of 
reciprocal campine & leghorn matings are non- 
striped brown (see Table 1). Pyle-black 
chicks which are non-striped black subsequently 
breed as if they carried (St St); and (e* e° 
Sy sg) zygotes with non-striped black down 
behave similarly, Other circumstances, equally 
paradoxical, suggest that the St hypothesis 1s 
untenable. 

Striped down is interpreted as depending pri- 
marily upon presence of ¢* in the genome, sub- 
ject to action of modifiers as discussed above. 
Gene ¢° is the normal or wild type plumage 
pattern factor for the genus Gallus, and may 
be normal for the superfamily Phasianoidea. In 
view of the fundamental nature of gene action 
at the E locus, e* and its alleles may justifiably 
be classified as primary pattern genes. A pri- 
mary pattern gene is defined as a genetic fac- 
tor determining pterylar or multipterylar dis- 
tribution of black feather pigment. Alleles at 
the F locus are distinct in action from second- 
ary pattern genes such as Sy, Pa, and By. A 
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secondary pattern gene is defined as a genetic 
factor determining distribution of black pig- 
ment within the individual feather. 

The primary pattern gene e* exerts restrictor 
action in embryonal feather germs resulting in 
the striped down phenotype. Corresponding 
action in mature feather germs is the compe- 
tent cause of sexually dimorphic pyle-zoning of 
adult plumage’. It is suggested that definitive 
striping and pyle-zoning are indices of e¢* in 
the genome, and provide a phenotypic basis for 
genetic classification of primary plumage pat- 
terns in "i domestic fowl as wild type deriva- 
tives (e*), or mutated forms (e and E). 


Summary 


Definitive striped down plumage is charac- 
teristic for members of the genus Gallus carry- 
ing the genotype (¢° ¢*) in the presence of an 
optimal complement of e* black. Striped down 
is the normal or wild type down pattern, and 
is attributed to restrictor action of gene ¢° 
Modifiers influencing expression of striped 
down are discussed. Striped down is consid- 
ered the embryonal counterpart of pyle-zoning 
in adult wild type plumage. 


Literature Cited 


1. Bateson, W., 
ports Evol. 


and R. C. Punnett. Re- 
Comm, Roy. Soc. 3:11-30. 1906. 
2. ———-——-. Reports Evol. Comm. Roy. 
Soc. 4:18-35. 1908. 
3. Detacour, J. Pheasants of the World 
a” New York, Charles Scribner’s Sons. 
4. Hutt, F. B. Genetics of the Fowl. 
xi + 590 pp. New York, McGraw-Hill. 1949. 
5. Jurt, M. A. Poultry Breeding. 2nd ed. 
xiv + 484 pp. New York, John Wiley & Sons. 
6. Kimpai, E. Nat. 84:171-178. 
1950, 
7, ————. Poultry Sct. 31:73-79. 1952. 
8 Punnett, R. C. Heredity in Poultry. 
xi + 204 pp. London, Macmillian & Co., Ltd. 


Amer. 


2, 1952) 


Sigma Delta Epsilon Research Award 


NY woman engaged in research in the 
mathematical, physical or biological 
sciences, and who has been a member in good 
standing of Sigma Delta Epsilon for at least 
six months prior to October 1, 1952, shall be 
eligible for consideration for the $500.00 
award. Joint papers will be accepted if. the 
author responsible for the research meets the 
above requirements, 


The award will be given to the author or 


authors of the best paper describing original 
research, and published or accepted for pub- 
lication in scientific journal during the 
period from October 1, 1951 to September 30, 
1952, or presented at any regular session of 
any scientific society meeting during that 
period. 

For additional information contact Elizabeth 
Mackay, National President, Coulter Hall, 
Purdue University, Lafayette, Indiana. 
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HE alarmingly low rate of repro- 

duction typical of college gradu- 

ates during the past century has 
been a subject of perennial discussiog in 
the pages of the JouRNAL or Herepity. 
The first volume of the JouRNAL, pub- 
lished in 1914, carried several articles 
concerning this matter. Every volume 
since that time has devoted some space 
to the question of differential fertility. 
Varied estimates have been made of the 
significance of this differential as a 
contra-selective force in modern urban- 
industrial civilization. 

A number of surveys fully justify the 
conclusion that graduation from college 
constitutes partial sterilization. In 1927 
Dr. John Phillips? announced that the 
average Harvard graduate was only half 
replacing himself. Following that, the 
alumni and alumnae of a number of uni- 
versities have been polled as to their 
reproductive performance. In almost 
every instance, these surveys have re- 
vealed fecundity below replacement. A 
number of these questionings which have 
hecome standard references in this lit- 
erature of warning have been published 
in the JoURNAL oF HerReEpITy.* 

It is obvious, of course, that college 
graduates do not have a monopoly on 
intelligence. They have been studied by 
the various investigators because they 
form an accessible body of persons who 
are believed by their academic achieve- 
ment to have demonstrated intelligence 
above that of the average of the country. 
Furthermore, the education they have 
received will provide an above-average 
environment for the children they pro- 
duce. It is possible, too, that their birth 
rate is typical of that of other intelligent 
members of the community who have 
not had the incentive or the financial 
ability to take the college course. 

The finding that this group is not re- 
producing itself suggests that the next 


currently reviewed by Osborn.4 


THE SCORE OF THE COLLEGES 


*A partial listing of these is presented in Literature references 1, 2, and 4. The situation is 
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generation will come in large proportion 
from the less intelligent and that there- 
fore there will be at least a moderate 
decrease in the average inherited intelli- 
gence. The process may be likened to 
the steady skimming off of cream result- 
ing in a progressive thinning of the milk. 


How Effective is the Skimming? 


Selective partial-sterilization of those who 
demonstrate a variety of aptitudes—intellect- 
ual, directive, artistic-—-is essentially a process 
of skimming. The genes of those who have 
manifest ability tend to be withdrawn from 
the gene-pool of the population. The question 
is—and to this we have no very definite an- 
swer: how effective is the skimming process? 
Until a better basis exists for appraising the 
effectiveness of the skimming, we have no way 
of estimating the urgency of the danger. 

That the skimming process is not complete 
is suggested by a recent survey of manpower 
utilization in the United States. Dr. Dael 
Wolfle of the American Psychological Asso- 
ciation estimated that only about a fifth of the 
potential college level intellects are at present 
being identified and utilized.!! If this esti- 
mate is correct, it means that our skimming ts 


mercifully rather ineffective. 


To many this may seem a negative point of 
view. Yet surely the position that an eventual 
day of reckoning is a long way off is not an 
adequate basis for indifference or smugness. 
Issuing checks on any bank account without 
regard to the adequacy of deposits to balance 
them means eventual bankruptcy. To follow 
a course that makes a legacy of bankruptcy 
inevitable three, six or even ten generations 
hence is hardly a procedure that can be classed 
as in any degree farsighted. 

The present situation which withholds col- 
lege education from many of the intelligent 
is no doubt very “unjust” and inefficient. But 
hiologically it is most fortunate. If all effec- 
tive intellects could be located and partially 
sterilized in each generation, mass amentia 
would in very truth be just around the corner. 
As it is, there is a little time in spite of ex- 
panding’ college enrollments to get the eugenic 
fundamentals straightened out. 

The 1940 Census’ provided the first nation- 
wide survey of the extent of the inverse re- 
lationship between economic or educational 
achievement and fertility. This confirmed the 


conclusions of these earlier samplings with re 
spect to the sterilizing power of education. The 
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YEARS HICH SCHOOL 


EDUCATION AND INCOME RELATED 
TO FECUNDITY 
Figure 18 

The replacement quota in the United States 
today is approximately 2.2 children per woman. 
The 1940 Census analysis of education and in- 
come as related to fecundity revealed that those 
women who attended high school or college, 
and those wives the rent-equivalent of whose 
homes amounted to $30 per month did not on 
the average bear enough children to replace 
themselves 
greater the education, the fewer were the chil- 
dren. More than that, this inverse relation- 
stip was about the same when another meas- 
ure was used, namely the rental equivalent of 
the family home, Some jottings from the 410- 
page Census monograph, “Women by Number 
of Children Ever Born,” were presented in the 
Journat for March 1946. The accompanying 
chart, reproduced trom that issue of the Jour- 
NAL, is reprinted here as a base-line for the 
present discussion, 


The College Birth Rate Increases 

That a change was taking place in the re- 
productive mores of the U. S. citizens was 
suggested by a special study on fertility made 
by the U.S. Census Bureau in 1947.7 This 
was a sampling study — not a nation-wide 
checkup. But the trend there revealed was 
encouraging. Where the 1940 Census showed 
that the completed families of college gradu- 
ates only replaced their parents by about half, 
the scores in the 1946 sampling indicated that 
college graduates were then up to a replace- 
ment index of 948 where 1,000 would indicate 
reproductive parity. 

This did not mean 
which had been a characteristic 
for so long were by any means being wiped 
vat. Actually, they were only slightly reduced. 
The rising birth rate of the past 15 vears has 
heen extending to all parts of the population 
The rise has been sharper, however, among 
individuals with high-school or college educa- 
tion and with better than average economic 
opportunity, Percentage-wise in terms of the 
extent of the total baby crop of the United 
States, the gains do not bulk very large. It 


that the differentials 
of our culture 


was stated at the Hearings on Low Income 
Families held by the 81st Congress early in 
1950 that a sixth of the 30 million married 
couples in the United States were producing 
half the babies. And this sixth of the 
families enjoyed only about a twentieth of the 
national income. 


The “College Study” 

In order to continue this discussion in ar 
atmosphere of fact rather than of opinion 
something more than census data are needed. 
Do all colleges have about the same sterilizing 
effect on their alumni, or are some alma maters 
less damaging than others? If there are dif 
ferences in the reproductive mores of different 
colleges, what college alumni have a reproduc- 
tive performance above—and below—the aver- 
age? Perhaps such an approach will reveal 
some of the factors which act as a sterilizing 
force in our educational process. To throw 
light on this question the Population Refer- 
ence Bureau since 1946 has sponsored a con- 
tinuing survey of college alumni under the 
direction of Dr. Clarence J. Gamble and Mrs. 
Betty U. Kibbee.!* 

The method of approach has been to obtain 
the cooperation of registrars and alumni secre- 
taries. By direct mail questionnaires the grad- 
uates who have reached their 25th anniversary 
of graduation—a time when their families are 
nearly completed—are polled as to how many 
children they have had. An encouraging num- 
ber of colleges has responded to the opportu- 
nity to obtain a roll-call of their alumni. In all 
239 colleges have reported on the reproductive 
scores of one or more classes of their men 
graduates for the years 1921 through 1920; 
and 231 colleges have reported on the repro- 
ductive scores of their alumnae. A total of 
51,540 graduates have reported in their 25th 
reunion year. 

The first class to be investigated in this 
study was that of 1921. The last thus far to 
he compiled from the 25-year roll call of par- 
enthood is the graduating class of 1926. Only 
a few colleges have the score of their alumni 
for all of the six vears thus far surveyed: but 
every year the roster of: cooperating colleges 
has grown. For the 1921 class, statistics were 
received from only 34 classes of men and 36 
women. The roll call for 1926 
120 men’s classes 


classes of 
graduates was furnished by 
and 121 women’s classes. 

Alumni of Some Colleges Replace 

Themselves 

One of the most interesting points re- 
vealed by this research has been that 
there is considerable variability in the 
fertility of alumni of different colleges. 
I: is news of the “man-bites-dog” type 
that the graduates of a few colleges 
and universities actually have had more 


than a replacement quota of children 
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College Birth Rates 


BIRTH RATES GO DOWN 
AS EDUCATION GOES UP 


N 45-49 IN 1940 CENSUS THEIR DAUGHTERS THEIR GRANDDAUGHTERS THEIR GRE AT- GRANDDAUGHTERS 


BIRTH RATES AND EDUCATION 
Figure 19 


The 1940 census revealed that the fertility of the three million women aged 45-49 in April 


1940 had rates of reproduction inversey related to their education. 


women who had seventh grade education or less ; 
Approximately another million graduated either from 


did not graduate from high school. 
high school or college. 


If the fertility of the daughters of these women remains the 


There were about a million 
another million completed grade school, but 


same 


as the fertility of the 1940 group the descendents of the seventh-grade-or less group will 


outnumber the high school- 
Few colleges can boast having such su- 
per-fertile alumni.* The male gradu- 
ates of 35 colleges are in this category. 
Only six colleges boast alumnae who 
have average returns of more than the 
2.1 children per graduate which are 
necessary for their replacement.+ Three 
of these six colleges are in Utah. 

The grand average of fertility for the 51, 
540 graduates does not come anywhere near 
replacement. The men averaged 1.77 children 
per graduate; the women only 1.28 

The classes of 1921-1926 produced an aver- 
age of 1.89 children per husband and 1.73 per 
wife. The count for overtly fertile graduates 


gave a tally of 2.26 per father and 2.22 per 


mother. These families are encouraging in 


college group by nearly eight to one in three generations. 


that they replace their parents, but they fail 
to compensate for the single and childless 
graduates. 

Along with the 25-year graduates the Popu- 
lation Reference Bureau has also been keeping 
track of graduates who have been out of col- 
lege for only 10 years. Reports from 87,867 
alumni and alumnae graduating between 1936 
and 1941 have been most encouraging. Every 
year has shown an increase in fertility. Ten 
years after graduation, the class of 1936 had 
an average of 1.02 children per alumnus and 
0.95 per alumna. Yet the class of 1941, 
reviewed in its tenth reunion year, was able 
to report an average of 1.42 children per alum- 
nus and 1.19 per alumna. Full replacement is 
still possible for these couples. 

Mark Twain's comment that all the talk 
about the weather had never led to any action 
seems to apply in this area too, if by “action” 


also 


*It is believed that graduates who are married and fathers are more apt to return the ques- 


tionnaire than the single or the childless. 
Table I are probably somewhat too high 

Questionnaires were sent to those 
the children per graduate, 
ratio found for those who reported 


In consequence, 
listed as “Mrs.” 
it was assumed that all the 
Since mothers are probably more apt to reply than others, 


the numbers of children given in 


in the alumnae records. In calculating 
married graduates had children at the 


the results in Table II are probably slightly too high 


+The replacement quota for the 
rates was computed by 
It is possibly slightly less today, 


United States on the basis of 1930-40 birth and death 
Thompson and Whelpton to be about 2.2 children per woman in 1940 
and for college graduates may well be no more than the 2.1 


used by Gamble and Kibbee in their computations.—Fp. 
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we mean planning and an organized and func- 
tioning program to increase the birth rate of 
the intelligent. But there is some indication 
that the talk itself-—-even in the absence of 
any program—may be having some effect. If 
the recent increase in fecundity of college 
graduates can be attributed to the discussion 
of this matter which has been going on for so 
many years, then it would seem that a big in- 
crease in such conversation is needed. 

In order to furnish a background for some 
of these discussions, we are privileged to pre- 
sent here the scores that the Population Ref- 
erence Bureau's questionnaires have rung up 
for all the alma maters which have partici* 
pated in this counting of their “grandchildren.” 
The tabulation of these completed families 
shows that the ominous pattern of too-small 
collegiate families is widespread. The Bu- 
reau's ten-year figures confirm the Census 
jureau's 1947 sampling, and offer considerable 
hope that the trend may be changing.—-R. C. 
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INDUCED TETRAPLOIDY IN 
MUSKMELONS 


SHANTI Batra* 


OLYPLOIDY as a method of 
plant breeding has received an 
increasing amount of attention in 

recent years. Since the discovery in 1937 
that polyploidy could be induced with 
colchicine and the earlier demonstration 
that heat treatments in early embryogeny 
effectively induced chromosome dou- 
bling, polyploidy forms of a large num- 
her of species and species hybrids have 
been produced experimentally. The value 
of such experimental polyploids in the 
imp*ovement of horticultural plants var- 
ies greatly with the nature of the original] 
material. Experimentally induced tetra- 
ploid vegetables may have increased 
vigor, ‘and produce larger fruits and 
higher yields.'}* Valuable qualities as- 


sociated with changes in their chemical 
composition have been found in autoploid 


tomatoes* and in cabbage.* Tetraploid 
muskmelons obtained by Inoue and Abe? 
were smaller and less elongate than the 
diploids; those produced by Shifriss® 
were highly fertile and no later in ma- 
turity than the ordinary diploids. 

The present investigation was under- 
taken to develop tetraploid varieties of 
muskmelons (Cucwmts melo L.) for the 
purpose of determining their usefulness 
as improved varieties, and to study their 
evtogenetic behavior. 

Results obtained from two years of 
experimentation have demonstrated that 
the quality of the tetraploids is definitely 
superior to that of the diploids in certain 
varieties and that the tetraploids are 
sufficiently fertile to be propagated readi- 
ly from seeds. The fruits of the tetra- 
ploids ordinarily are somewhat smaller 
than those of the diploids and they may 
be less productive; but adequate yield 
tests are not yet available. 


Materials and Methods 


The muskmelon stocks used in the present 


*The writer is indebted to Professor L. F 


study included the following varieties and num- 


bered selections. 

Golden Gopher Round fruits, resistant to Fusarium 
wilt; obtained from Farmer Seed and Nursery Co., 
Faribault, Minnesota. 

PBI3A. Round fruits, salmon flesh of high quality; ob 
tained from Professor H Munger, N. Y. State 
College of Agr., Ithaca, N. Y 

PBI3S. Diploid and tetraploid stocks from the same 
source as the preceding strain, doubled in 1941 by Dr 
Oved Shifriss. When received from Dr. Shifriss the 
tetraploid’ had been propagated for three generations 

47-9-9. (PBIi Banana) PRI3, Fy. Oval fruits, 
monoecious; ovtained from Professor Munger 

Banana. Very elongate fruits, monoecious; procured 
from Associated Seed Growers, Inc,, New Haven, 
Conn, 

Delicious. Round fruits, an important commercial va- 
riety in New York State; seed from Professor Munger. 

Hales Best. Oval fruits, drought resistant, from Rocky 
Ferd cantaloupe Seed Breeders Association, Rocky 
Ford, Colorado. 

Resistant No. 6. Slightly elongate fruits, similar to 
Hales Best, resistant to Powdery Mildew, adapted to 
Imperial Valley, Calif 

V-1, Oval fruits, first commercial variety to tolerate 
sulfur treatments for disease and pest control; ob- 
tained from Ferry Morse Seed Company. 


Tetraploidy was induced in each of these 
varieties with the colchicine emulsion of 
Warmke and Blakeslee,® the most effective con- 
centration of colchicine being .4 percent. Two 
successive treatments of the seedlings in the 
cotyledon stage were made at four-day inter- 
vals by applying the emulsion to the regions 
of the shoot apex in the axil of the cotyledons. 
The seedling treatments produced plants with 
both diploid and tetraploid branches, the latter 
being localized chiefly near the base of the 
plants. The tetraploid shoots could be dis- 
tinguished readily due to the increased size 
of the blooms and differences in the shape, 
texture and serration of the leaves. 


Morphological Changes Induced by 
Chromosome Doubling 


In general, the doubled plants exhibited the 
usual gigas characteristics of autotetraploids, 
but considerable variation in response to in- 
duced polyploidy was noted in the different 
varieties. The following morphological, cyto- 
logical and physiological changes were ob- 
served in tetraploid plants obtained from seed. 
The colchicine treated plants were considered 
unsatisfactory for the purpose since these 
plants frequently were of chimaeral constitu- 
tion. For these comparisons the diploids and 
the corresponding tetraploids of the various 
varieties were grown in adjacent rows; each 
of the rows containing 20 plants. In addition, 
tetraploid stocks of several varieties were 


. Randolph, Dept. of Botany, Cornell University, 


for assistance during the progress of this investigation. 
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ROUND LEAF ~ THE TETRAPLOID 


Figure 
Primary leaves of tetraploid muskmelon seedlings (left) are larger, rounder and thicker 


than those of the diploid (right). 


grown on a more extensive scale for yield 
comparisons. 

In the early seedling stages the cotyledons 
of the tetraploids were usually larger, rounder 
and thicker than those of the corresponding 
diploids and the edges of the cotyledons were 
recurved (Figure 20). The tetraploid seed- 
lings grew faster than the diploids at. this 
stage, but afterwards the rate decreased until 
at maturity the 4 plants were only about half 
the size of the 2n plants. 

The stems of the tetraploid plants were thick- 
er than those of the diploids and were more 
prominently ribbed. The tetraploid leaves were 
larger, broader and thicker than those of the 
diploid and possessed deeper marginal serra- 
tions (Figure 21) 

There was an increase in the size of the 
stomata of 4 and 8m leaves that was corre- 
lated witn the increase in number of genomes, 
and there was a decrease in their frequency 


TABLE I. Number of fruits er eon | by 2n and 
4n plants of four 


Approx No. of 
No total no fruits Yield 
plants of fruits per plant 100 


1.07 


! 


per unit area. The area of the 41 stomata wa’s 
1.6 times, and of the 8 1.95 times greater than 
that of the 2m; their frequency was reduced 
30 percent and 43 percent respectively in 4n 
and 8n leaves. 

Both staminate and perfect flowers of tetra- 
ploid plants were in general larger than those 
of diploids and the ovary of the perfect flowers 
of tetraploids was broader than the ovary of 
the diploids. The staminate flowers of the 4n 
stocks bloomed one or two days later than 
those of the corresponding 2n stocks; the per- 
fect flowers of the 4n plants bloomed two to 
seven days later. 


TABLE II. nie shape and size of 2n and 
4n BA weighing 600 gms. or more in six varities 
are in ¢ 


In % 
Length Breadth L/B 


Length/ 
Breadth 


Variety 


114.153 100 100 100 


GG 
10.361 10.394 89.11 93.19 95.68 
13.335 12.735 7 100 100 100 
11.957 11.248 1, 89.67 88.32 101. 


10.274 11.571. 100 100-100. 


PBIIS 
9.147 10.569. 89.03 91.32 97. 


14.179 11.725 2 100 100 100 


10.127 10.633. 71.42 90.69 78. 
17.886 12.757 1. 100 100 100 


13.388 11.325 2 74.85 88.77 84 
32.87 9.59 : 100 100 100 
Banana 
21.389 9.156 2. 65.07 98.47 68.4 


4 
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Variety no 
1s = 
4n 16 24 1.56 41 
Qn 36 2.87 
PBItS 22 HB 
17 20 1.18 2n (7 
PRIIA 47.9.9 
4n 17 16 1.47 ! 
an 19 28 
HB 43 
4n 19 12 


Batra: Tetraploid Muskmelons 


ADULT LEAVES BROADER 
Figure 21 
The stems, leaves and flowers of tetraploid muskmelons were larger than those of diploid 


(left). 


The size of the pollen grains of tetraploid 
flowers was significantly greater than that of 
the diploids. A varietal difference in response 
to chromosome doubling was observed with 
respect to pollen size and there was a negative 
correlation between the initial size of the cells 
and the degree to which their size was in- 
creased by chromosome doubling. The pollen 
of diploid Hales Best measured 52.25 w in 
diameter and the grains of the tetraploids ex- 
hibited an increase of 16.5 percent, whereas 
in the Mildew Resistant variety the diameter 
of the pollen of the diploid was 46.83 « and 
that of the tetraploid was 30.% percent larger. 
The induction of tetraploidy resulted in an in- 
crease of 16 to 30 percent in the diameter of 
the pollen grains, an increase of 35 to 70 per- 
cent in area and a 58 to 123 percent increase 
in their volume. 


The leaves were more rounded and had deeper marginal serrations. 


Rate of Maturity and Yield 


The diploid and tetraploid fruits of Hales 
Best and PBI3A matured at the same time, 
whereas those of Golden Gopher and PB13S 
matured about two weeks later than the cor- 
responding diploids. 

The yield per plant ot both the diploids and 
tetraploids in 1950 was relatively poor due to 
unfavorable growing conditions, and the preva- 
lence of mosaic limited very appreciably the 
number of plants from which yield data were 
obtainable. The available data, summarized in 
Table I, are of value only as a preliminary 
basis for comparison. The fruits were collected 
from a plot in which corresponding diploids 
and tetraploids were growing in alternate 
rows; immature and cracked fruits were dis- 
carded. Tetraploidy affected yield very differ- 
ently in the stocks tested. Tetraploid Golden 
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DIPLOID AND TETRAPLOID FRUITS 
Figure 2° 
bruits of tetraploid muskmelons (8) ordinarily are somewhat smaller and less elongate 


than those of the diploid (1). 


and flesh that 


Gopher yielded 45 percent more than the di- 
ploid, but the three other tetraploids included 
in the test produced only from 22 to 86 percent 
of the yield of the corresponding diploids. 
Size and Quality of Tetraploid Fruits 
The tetraploid fruits in general were 
smaller and flatter than those of diploids ; 
the ribbing was less pronounced but the 
netting was coarser, as illustrated by the 
variety P B13 ( Figure 22.1). Differences 
with respect to the size and shape of 2n 


Tetraploid fruit have coarser netting, less prominent ribbing 
is firmer, deeper in color and of superior quality. 


and 4n fruits in six varieties of melons 
are summarized in Table IL. The breadth 
of the tetraploid fruits was about 90 per- 
cent, and the length from about 65 to 
90 percent of the comparable dimensions 
of the diploids in the six stocks that were 
compared. Chromosome doubling caused! 
an increase of approximately three mm. 
in the thickness of the flesh of the tetra- 
ploid fruits of Golden Gopher, whereas 
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other varieties there was a decrease 
fone to three mm. With the exception 
f the variety Golden Gopher the inci- 
dence of cracked fruits was somewhat 
higher among the doubled plants. The 
skin of the tetraploid fruits in the varie- 
ties studied ordinarily was thicker, but 
sometimes thinner than that of the cor- 
responding diploids. Although the tetra- 
ploid fruits were smaller in size, they 
were “meatier.” due to a smaller seed 
cavity and to a lack of any appreciable 
reduction in thickness of the flesh (Fig- 
ure 228). In addition the flesh of tetra- 
ploid muskmelons was firmer, deeper 
in color and appreciably sweeter, as in- 
dicated by tasting the fresh fruits. 

Improvement in the quality of the 
tetraploid fruits acquired as a result of 
chromosome doubling from the stand- 
point of their commercial value undoubt- 
edly was their most valuable character- 
istic, In comparing the quality of 2n and 
4n fruits various persons ranging in 
number from one to six were asked to 
taste samples of ripe fruits of the differ- 
ent varieties identified only by number, 
and to record their preference. Almost 
without exception the tetraploid fruits 
were selected as being sweeter and of 
better quality and texture than the cor- 
responding diploids; improved quality 
due to chromosome doubling was more 
apparent in varieties of average or less 
than average quality than in the varieties 
of the highest quality. 

A significant increase in ascorbic acid 
concentration of 4a fruits of PBI3A was 
indicated from colorimetric determina- 
tions of the edible portion of 2n and 4n 
fruits. There was no statistically signifi- 
cant difference in the ascorbic acid con- 
tent of 2n and 4i strains of other varie- 
ties. Significant ditferences at either the 
one or five percent level were not ob- 
tained from comparisons of diploid and 
tetraploid fruits with respect to dry 
weights and total solids as determined 
by refractometer readings. However the 
lack of appreciable differences may have 
been due to the extreme variability of 
the fruits. 

Disease Resistance and Fertility 
The diploid and tetraploid plants appeared 


to differ in their reactions to diseases encoun- 
tered in the field. The tetraploids were more 
susceptible to cucumber mosaic but more re- 
sistant to powdery mildew than were the cor- 
responding diploid varieties. They were also 
more tolerant to drought and cold. 

The relative fertility of the diploid and 
tetraploid strains was determined from hand 
pollinations of seven varieties, including both 
self and sib crosses. In general, the fruit set 
obtained by hand pollinations was about 20 
percent better in the diploid than in the tetra- 
ploid plants, but a considerable variation was 
found to exist from variety to variety, as 
shown in Table III. The fruit set obtained by 
selfing the diploid plants ranged from 57 per- 
cent in Hales Best to 100 percent in Golden 
Gopher, whereas in the tetraploids the range 
was from 0 percent in Banana to 71 percent in 
47-9-9. Sib crossing of the diploids produced 
fruits with a freqency of 50 to 80 percent while 
the frequency in the tetraploids ranged from 
35 to 80 percent. The tetraploids were appre 
ciably less self fertile than the diploids but 
were nearly equal to the diploids in cross fer- 
tility, as determined by the set of fruit. 

Fertility as measured by the number of 
plump seeds produced per fruit in the tetra- 
ploids ranged from 5 to 40 percent of that of 
the related diploids. The reduction in the num- 
ber of viable seeds produced by the tetra 
ploids was not entirely due to the failure of 
the seeds to develop normally, since the aver- 
age vield of seeds per fruit including both 
plump and empty seeds in the 4n strains ranged 
from 33 to 67 percent of that of the corre- 
sponding 20 strains. The plump seeds of the 
tetraploids did not weigh significantly more 
than those of the diploids but they were con- 


TABLE III. Seeds produced by 2m and 4n strains 
of seven different kinds of muskmelons. 


Aver. no. of plump 
seeds per fruit 


Aver. no. of seeds 


per fruit 


xamined 
of plump seeds 


No, of fruits 
per fruit 


Range in no. 


4n/2n 4n/2n 100 


401.00 322.00 128-509 


46.47 25.66 
186.75 82.63 46-132 
$43.69 319.38 214-483 


208.50 6.200 
325.00 272.07 188.388 


216.67 0.197 
2 333-6463 
199.80 6-237 
174-546 
247.94 4 $8.170 
446.10 141-636 


262.11 7 36-205 
476.43 7 334.578 


298.57 9-45 


| 
. 
3 
$a 
GG 
4n 
2n 16 
PBIIA 
PBI3S 
4n 158 
2n 12 
47.99 
4n 10 
2n 16 
HB 
4n 16 
2n 10 
Del 
4n 9 
2n 7 
Banana ‘ 
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sistently shorter and broader. The viability of 
tetraploid seeds as determined by preliminary 
germination tests was from 3) to 100 percent 
of that of diploids. = 

The diploid and tetraploid strains when self 
and sib pollinated varied appreciably with re- 
spect to seed yields as indicated in Table IV. 
The yield from selfing the tetraploids ranged 
from 68 to 117 seeds per fruit, and from 240 to 
552 seeds were obtained from the selfed fruits 
of the corresponding diploids. Sib crossing 
the tetraploids yielded from 48 to 103 seeds 
per fruit and 341 to 513 seeds per fruit were 
produced by diploid fruits when sib 
crossed. Among the diploids sib crossing pro- 
duced: more seed per fruit than selfing, but 
the reverse was true of the tetraploids. 

Although the yield of viable seed was re- 

duced very appreciably as a result of chromo- 
some doubling there was evidence of increased 
fertility among the tetraploids in later genera- 
tions from the fact that the 4n stock of the 
variety PB13S, which had been propagated 
for five generations, produced the highest seed 
yield of any of the tetraploids, a yield that was 
14 percent higher than the yield of 4n PBI3A 
that had been grown for only one generation. 
The vield of viable seed among the 4 strains 
was adequate for their propagation as com- 
mercial varieties. 

Crosses between diploid and tetraploid plants 
involving the tetraploid as the seed parent 
were easier to make than was the reciprocal 
cross, but a higher percent of good seeds was 
obtained from the latter. Because of the high 
degree of cross incompatibility of the 2n and 
4n strains the tetraploids may be expected 
to breed true even when grown in mixed plant- 
ings with diploids. 


Cytology of Tetraploid Melons 
The diploid and tetraploid stocks were ex- 
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amined cytologically to determine the extent 
to which meiotic chromosome behavior might 
explain the reduction in fertility of the tetra- 
ploids. The somatic chromosome number of 
the diploid plants was 2n = 24. Meiosis was 
normal with 12 bivalents being present regu- 
larly at diakinesis and metaphase I (Figure 

234). The somatic number in the tetraploids 
was 2n = 48. From 6 to 12 quadrivalents to- 
gether with occasional trivalent and univalent 
configurations were observed at diakinesis and 
metaphase /. A metaphase with ten quadri- 
valents and four bivalents is shown in Figure 

The frequency of occurrence of sporocytes 
with from 6 to 12 quadrivalents in 4n stocks 
of four strains of melons is given in Table V. 
Approximately 40 percent of the total number 
of sporocytes examined exhibited 24-24 dis- 
junction at division I. Failure of congression 
of some of the chromosomes at metaphase / 
and irregularities in their anaphase / distribu- 
tion to the daughter nuclei resulted in the 
elimination of varying numbers of chromo- 
somes at least some of which persisted as 
micronuclei in the microspores. From 33 to 
49 percent of the spore quartets examined in 
the 4n strains of Hales Best, V-1 and Banana 
had one or more micronuclei. 

A negative correlation between quadrivalent 
frequency and fertility in the tetraploid strains 
of certain stocks was observed. In the variety 
Banana there was a significantly higher fre- 
quency of quadrivalents than in three other 
varieties in which observations on mutivalent 
associations were made. The fertility of this 
variety, calculated on the basis of the number 
of plump seeds per fruit, was only five percent 
of that of the diploid, as indicated in Table III. 
The fertility of Hales Best and PBI3A was 
24 to 26 percent of the diploid and their quadri- 
valent frequency was somewhat less than that 


TABLE IV. Fruit and seed set from self and sib scciencanisntl in ateeanenunsl 2n and 4n strains of muskmelons. 


Fruit and seed set from selfing 


Fruits Plump 
examined seeds 
for seed per fruit 


Polli fruit 


nations set 


oo ? 295.5 
40 2 74.0 


307.2 


70.00 


66.67 68.3 
71.43 ; 240.0 


4n/2nX 100 


and seed set from sibbing - - 
Fruits Plump 
examined seeds 
for seed per fruit 4” 


Polli- 


nations set 2n& 100 


66.67 
28.08 

86.00 

60.00 


23 
66.67 
$0.00 


40.00 
£0.00. 
66 67 

$0.00 


i 
q 
3 
: coro, 
+ 18 = 
2n 10 — 412 
PRISA 22 11.65 
PRIGS 28.75 30.21 
+ 6 $3.33 3 69.6 3 103 
47-9-9 21.15 16.76 
+ 4 71.43 s 116.8 3 3 86 
In 21 $7.14 s 348.8 12 2 373 
HB 27.38 23.07 
4n 33 1.16 4 38.71 2 86 
14 64.29 9 3609.4 - 
Del 31.70 
2n 14 78.37 1 100 
Banana 
17 6 
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MEIOSIS OF TETRAPLOID MUSKMELON 
Figure 23 


In the diploid muskmelon (.4) meiosis is regular, with 12 bivalents formed at synapsis in 


metaphase 
were observed. A metaphase plate with ten quadrivalents and four bivalents is shown at B. 


of the Banana variety 

From the available data no consistent rela- 
tionship could be established between the num- 
ber of quadrivalents formed and the percent 
of good pollen. The number of quadrivalents 
per cell was significantly higher in the variety 
Banana (10.17) but the percent of plump 
pollen grains was the same as in PBI3A, 
which had a significantly lower quadrivalent 
frequency of 9.15 per cell. Neither could any 
definite correlation be established between devi- 
ations from a normal 24-24 segregation at 
anaphase I and the amount of good pollen pro- 
duced at anthesis. In the V-l stock a 24-24 
segregation was observed in 42 of the sporo- 
cytes and in only 25 percent of the sporocytes 
of PBI3A, yet there was no difference in the 
percent of well-filled pollen grains in the two 
varieties. In the varieties studied there were 
fewer well-filled pollen grains by from 7 to 
25 percent in the 41 than there were in the 
2n plants. From these observations it was con- 
cluded that a substantial number of the normal 
appearing pollen grains must have possessed 
one or more chromosomes more or less than 


TABLE V. 


No. of 
cells 
exa- 


No, of quadrivalents 
mined 1 


Variety 10 


61 18.04 
25.00 
38.46 


PRIIA 


Banana 


In the tetraploid, varied configurations of bivalents, trivalents, and quadrivalents 


24, the balanced gametic number for’ the tetra- 
ploid. From somatic chromosome counts of 
tetraploid progenies it was determined that 98 
percent of the plants were found to possess the 
halanced number of 48: chromosomes and the 
remainder were 48> 1. This indicated that 
only a few of the large number of spores with 
unbalanced chromosome numbers took part in 
fertilization. 
Summary and Conclusions 


Tetraploid strains of six varieties of musk 
melon (Cucumis melo L.) induced by colchi- 
cine were studied cytologically and compared 
to the original diploids in determining their 
usefulness as improved varieties. 

The quality of the tetraploid fruits was su- 
perior to that of the diploids as judged by the 
taste preferences of persons who sampled the 
2n and 4n fruits of the same variety. 

Preliminary yield tests indicated that with 
the exception of the 4n strain of Golden Gopher 
which produced a 46 percent higher yield than 
the 2 strain the tetraploids were less produc 
tive than the corresponding diploid strains 


Frequency of cells with 6 to 12 quadrivalents in four tetraploid strains of C. melo. 


Mean 

no. of 

quadri 

valents d 

Std 

Vel 4 

Banana 

1.987 

HB + 

Banana 


951 
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The tetraploid fruits were consistently some- 
what smaller and less elongate than the di- 
ploids. 

With respect to other morphological charac- 
teristics such as the size of the flowers, pollen, 
stomates and stem thickness the 4n melon 
plants exhibited the gigas characteristics that 
are typical of most autotetraploids, but the 
mature 4n plants had shorter branches and a 
more compact growth habit than the 2n plants. 

Quadrivalent associations of the chromo- 
somes predominated at microsporogenesis and 
in approximately 40 percent of the sporocytes 
reduction involved the distribution of 24 chro- 
mosomes to each of the daughter cells. 

The tetraploids were less self fertile than the 
diploids but were nearly equal to the diploids 
in cross fertility, as determined by the seed 
set of hand pollinated fruits. Tetraploid fruits 


Women whose mothers have had breast 
cancer are three times as apt to develop the 
disease as other women. 

This observation is made in an article in a 
recent issue of Cancer, a professional journal 
ot the American Cancer Society. The report, 
written by Dr. Dryden Phelps Morse of Co- 
lumbia University School of Medicine's labo- 
ratory of surgical pathology, reviews the find- 
ings of six teams of investigators with a total 
of 1,488 cases of breast cancer. 

Ot these cases, 111 (about six percent) were 
women whose mothers had had breast cancer. 
In 400 deaths due to other causes among wom- 
en over 40 years of age, only nine had mothers 
who had ever had breast cancer. These “con- 
trols” indicate that on the average only about 
two percent of women show a history of their 
mothers having had breast cancer. This is 
compared with the six percent among cancer- 
ous daughters 

Dr. Morse’s paper also indicated, that the 
inheritance factor is stronger in sisters than 
in the mother-daughter relationship. The sister 
of a cancer patient stands twice the chance of 
developing breast cancer as does a daughter. 


(Received Mare! 
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MATERNAL INHERITANCE OF HUMAN BREAST CANCER 


produced fewer seeds than the diploids but 
sufficient numbers of plump seeds were ob- 
tained to permit the 4 strains to be propa- 
gated readily. 
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Besides having a greater tendency to develop 
breast cancer, daughters of women who have 
had the disease develop it ten years earlier, on 
an average, according to statistics from vari- 
ous investigators. 

Dr. Morse believes this cannot be explained 
away by a growing alertness to cancer. He 
says, “It might also be said that patients whose 
mothers had had cancer would be more fa- 
miliar with the symptoms of the disease and 
would, therefore, recognize the tumor at an 
earlier age. This factor, however, would ac- 
count for only a small fraction of the differ- 
ence in years noted.” 

The Cancer report also comments on breast 
feeding as a possible factor in hereditary can- 
cer. Dr. Morse points out that satisfactory 
evidence of a “milk factor” in humans is lack- 
ing. Experiments on laboratory mice, how- 
ever, have shown that cancer can be trans- 
mitted from mother to nursing offspring or to 
adopted nursing offspring. 

Speaking of humans Dr. Morse said one 
investigator had found that slightly more pa- 
tients with familial breast cancer were breast 
fed than in an unselected group. 

-American Cancer Society 
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